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ABSTRACT 
Gahnite occurs in and around metamorphosed massive sulfide (e.g., Broken 
Hill-type Pb-Zn-Ag (BHT), volcanogenic massive sulfide Cu-Zn-Pb-Au-Ag (VMS), 
sedimentary exhalative Pb-Zn (SEDEX)), and non-sulfide zinc (NSZ) deposits. The 
spatial association between gahnite and metamorphosed ore deposits has resulted in 
its use as an empirical exploration guide to ore, but their presence has had mixed 
success in discovering new occurrences of sulfide mineralization. Major element 
chemistry of gahnite has previously been used to define a compositional range 
associated with metamorphosed massive sulfides deposits, including Broken Hill-
type deposits, but it fails to distinguish sulfide-rich from sulfide-poor occurrences.  
A regional study of analyses obtained for gahnite from twelve Broken Hill-
type deposits was used to test whether or not gahnite chemistry may be used to 
distinguish prospective exploration targets from non-prospective occurrences in 
Proterozoic Broken Hill domain, New South Wales, Australia. Bivariate plots of 
Zn/Fe versus trace element contents (e.g., Ga, Co, Mn, Co, Ni, V, Cd) suggest gahnite 
from the Broken Hill deposit has a relatively restricted compositional range that 
overlaps with some minor Broken Hill-type occurrences. Based on the ore grade (wt. 
% Pb+Zn) of rocks hosting gahnite at each locality, gahnite in the highest grade 
mineralization from minor Broken Hill-type deposits possess compositions that plot 
within the field for gahnite from the Broken Hill deposit, which suggests that major 
and trace element chemistry (e.g., Zn/Fe = 2 to 4 versus Co = 10-110 ppm,  Ga = 
110-400 ppm and Mn = 500-2,250 ppm; and Co = 25-100 ppm versus Ga 125-375 
ppm) may be used as an exploration guide to high-grade ore.  
viii 
 
Here the performance of random forests, a relatively new statistical technique 
Random forests that provides a framework for classification and decision making 
through a series of classification trees, which in, was also tested. Gahnite from the 
Broken Hill domain is classified here on the basis of the following schemes: 1. 
Random forest 1 (RF1): gahnite in the Broken Hill deposit versus compositions of 
gahnite from other minor Broken Hill-type occurrences in the Broken Hill domain; 
2. Random forest 2 (RF2): gahnite in the Broken Hill deposit versus gahnite in minor 
Broken Hill-type deposits containing > 0.25  million tonnes (Mt) of Pb-Zn-Ag 
mineralization versus gahnite in sulfide-free and sulfide-poor prospects containing < 
0.25 Mt; and 3. Random forest 3 (RF3): gahnite in sulfide-bearing quartz-gahnite 
lode rocks versus gahnite in sulfide-free samples. Misclassification rates, according 
to a ten-fold cross validation, of RF1, RF2, and RF3 are 1.6, 3.3, and 4.7% 
respectively. 
Major and trace element compositions of gahnite from BHT, NSZ, eld terranes, 
which can be used as an exploration guide to metamorphosed massive sulfide and non-
sulfide zinc deposits. The composition of gahnite in BHT deposits is discriminated from 
gahnite in SEDEX and VMS deposits on the basis of plots of Mg versus V, and Co versus 
V. Gahnite in SEDEX deposits can be distinguished from that in VMS deposits using 
plots of Co versus V, Mn versus Ti, and Co versus Ti. In the Sterling Hill NSZ deposit, 
gahnite contains higher concentrations of Fe3+ and Cd, and lower amounts of Al, Mg, and 
Co than gahnite in BHT, SEDEX, and VMS deposits. Plots of Co versus Cd, and Al 
versus Mg distinguish gahnite in the Sterling Hill NSZ deposit from the other types of 
deposits.  
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Abstract 
 
Gahnite-bearing rocks are common throughout the Proterozoic Broken Hill 
domain, New South Wales, Australia, where they are spatially associated with 
Broken Hill-type Pb-Zn-Ag mineralization, including the supergiant Broken Hill 
deposit. In the past, such rocks have been utilized as exploration guides to ores of this 
type, but their presence has had mixed success in discovering new occurrences of 
sulfide mineralization. Major element chemistry of gahnite has previously been used 
to define a compositional range associated with metamorphosed massive sulfides 
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deposits, including Broken Hill-type deposits, but it fails to distinguish sulfide-rich 
from sulfide-poor occurrences. Major and trace element data from LA-ICP-MS and 
electron microprobe analyses were obtained for gahnite from twelve Broken Hill-
type deposits to determine whether or not gahnite chemistry may be used to 
distinguish prospective exploration targets from non-prospective occurrences. Major 
and trace element data were discriminated using a principal component analysis, and 
in a bivariate plot of Zn/Fe versus Ni+Cr+V to distinguish gahnite associated with 
the Broken Hill deposit from that associated with sulfide-poor lode pegmatite, and 
sillimanite gneiss. Bivariate plots of Zn/Fe versus trace element contents (e.g., Ga, 
Co, Mn, Co, Ni, V, Cd) suggest gahnite from the Broken Hill deposit has a relatively 
restricted compositional range that overlaps with some minor Broken Hill-type 
occurrences. Based on the ore grade (wt. % Pb+Zn) of rocks hosting gahnite at each 
locality, gahnite in the highest grade mineralization from minor Broken Hill-type 
deposits possess compositions that plot within the field for gahnite from the Broken 
Hill deposit, which suggests that major and trace element chemistry (e.g., Zn/Fe = 2 
to 4 versus Co = 10-110 ppm,  Ga = 110-400 ppm and Mn = 500-2,250 ppm; and Co 
= 25-100 ppm versus Ga 125-375 ppm) may be used as an exploration guide to high-
grade ore. 
1.1 Introduction 
Meta-exhalites, including iron formation, coticule, tourmalinite, apatite-rich 
rock, metachert, zinc staurolite-bearing rock, barite-rich rock, and gahnite-bearing 
rock, as well as metamorphosed hydrothermal alteration zones, have long been used 
as empirical exploration guides in the search for metamorphosed massive sulfide 
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deposits (e.g., Franklin et al., 1981; Spry et al., 2000). In addition, variability in the 
major element chemistry of ferromagnesian silicates, including garnet, biotite, 
chlorite, staurolite, cordierite, and amphibole, has been used to indicate proximity to 
metamorphosed ore deposits in low- to high-grade metamorphic terranes (e.g., 
Nesbitt and Kelly, 1980; Nesbitt, 1982; 1986a; b; Bryndzia and Scott, 1987). Even 
though the major element chemistry of these minerals has been well studied, the 
understanding and application of trace element chemistry to exploration remains 
limited. 
 The supergiant Broken Hill Pb-Zn-Ag deposit (280 Mt at 10% Pb, 8.5% Zn, 
and 148 g/t Ag), which was metamorphosed to the granulite facies, occurs in the 
Broken Hill domain of the southern Curnamona Province, Australia (Fig. 1). It is the 
largest massive sulfide deposit on Earth, and is the type locality for a class of deposit 
known as “Broken Hill-type,” which is spatially associated with a group of rocks 
recognized locally as “lode rocks” (blue quartz-gahnite rock, quartz-garnetite, 
garnetite, and lode pegmatite; e.g., Johnson and Klingner, 1975), which outcrop 
intermittently in the Broken Hill domain for over 330 km (e.g., Barnes, 1980; 1988; 
Barnes et al, 1983; Burton, 1994). The presence of blue quartz-gahnite and quartz 
garnetite rocks has been used, with mixed success, to explore for Broken Hill-type 
mineralization in the Broken Hill domain (e.g., Dewar, 1968; Forwood, 1968; Spry 
et al., 2003). The origin of garnet-rich lode rocks and their genetic relationship to 
sulfides has been a focus of attention, particularly over the last decade (e.g. Spry et 
al., 2003, 2007; Plimer, 2006; Heimann et al., 2009; 2011). Despite their abundance 
and being the most common lode rock type, the genetic and geochemical 
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relationships of gahnite-quartz rocks to the Broken Hill deposit and minor Broken 
Hill-type occurrences have received only limited attention. Furthermore, relatively 
few geochemical compositions have been reported on gahnite in lode rocks in the 
literature (e.g., Barnes et al., 1983; Plimer, 1984; Parr and Plimer, 1993). The major 
element chemistry of gahnite (AB2O4) is comprised of varying proportions of Zn2+, 
Fe2+, Mg2+ and lesser amounts of Mn2+ in the tetrahedral site (A), where Zn > (Fe + 
Mg),  and dominantly Al3+ in the octahedral site (B), with minor amounts of Fe3+ also 
in the octahedral site. Gahnite (ZnAl2O4) generally forms a solid solution with the 
other aluminous spinels, hercynite FeAl2O4), spinel (MgAl2O4) sensu stricto, and, to 
a lesser extent, galaxite (MnAl2O4). 
The use of gahnite as a guide to metamorphosed ores has been recognized by 
several workers (e.g., Sheridan and Raymond, 1984; Sandhaus and Craig, 1986; Spry 
and Scott, 1986; Spry, 1987; Heimann et al., 2005; Ghosh et al., 2006; Spry and 
Teale, 2009), with applications not only limited to targeted in situ exploration, but 
also to transported grains. Gahnite is a resistate indicator mineral that is not easily 
affected by weathering, and as a result, may be transported and persist in surficial 
deposits (e.g., Morris et al., 1997; Averill, 2001; Spry and Teale, 2009) such as in 
regolith (i.e., alluvial, colluvial, and aeolian sediments) in the Broken Hill domain 
(e.g., Senior and Hill, 2002). During the early 1980's, Broken Hill Proprietary 
Limited undertook an internal study to evaluate gahnite as a potential indicator to 
Broken Hill-type mineralization. This study involved the collection of data from 
several ore districts and resulted in a database of >3,000 gahnite analyses (Walters, 
2001). Because it remains a confidential unpublished study, it is unclear what districts 
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and ore types, including Broken Hill-type deposits, were sampled. According to 
Walters, empirical discriminants using major element (i.e., Fe, Mg, Mn, Zn, and Al) 
signatures were developed to distinguish among metal-barren regional gahnite 
horizons, small prospects, and economic deposits. At about the same time, Spry and 
Scott (1986) independently used a ternary diagram, with the same major elements as 
components, to plot compositions from over one hundred locations worldwide, and 
distinguish zinc-bearing spinels associated with metamorphosed massive sulfide 
deposits from those found in marbles, pegmatites, and sulfide-poor aluminous 
metasedimentary rocks.  
Despite these attempts, it is apparent that the application of empirical 
discrimination diagrams, using the major element compositions of gahnite to locate 
massive sulfide deposits, must be treated with caution, because experimental and 
thermodynamic studies of Wall and England (1979), Spry and Scott (1986), Froese 
et al. (1989) and Zaleski et al. (1991), and empirical studies by Heimann et al. (2005) 
show that the stability and composition of gahnite are dependent upon temperature 
(zincian spinels commonly contain more Zn at the greenschist facies than at the 
granulite facies), bulk composition of gahnite-bearing host rocks (Mg in gahnite is 
related to the Mg content of its host rock), pressure, and the fugacities of sulfur, 
oxygen, and water. Combining the composition of zincian spinels from Spry and 
Scott's (1986) study with those published later, Heimann et al. (2005) showed that in 
a ternary plot, with gahnite, hercynite, and spinel sensu stricto at its apices, that the 
field designated as zincian spinels in “metamorphosed massive sulfide deposits 
hosted in hydrothermally altered aluminous metasedimentary and/or metavolcanic 
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rocks” have the following compositional range: gahnite40-90%, hercynite0-40%, and 
spinel0-30%. The aluminous character reflects the protolith composition and the 
hydrothermal alteration of the protolith. Heimann et al. (2005) considered this 
compositional range to be useful as a guide to ores of this type. However, Spry et al. 
(2003) showed those major element compositions of gahnite from the Broken Hill 
deposit and eleven minor Broken Hill-type deposits overlap, and cannot be used to 
distinguish among gahnite from the Broken Hill deposit, minor Broken Hill-type 
deposits, and blue quartz-gahnite lode rocks devoid of sulfides.  
Studies using the abundance and concentration of trace elements in silicates 
and oxides as guides in the exploration for ore deposits are limited in number but 
have increased over the last decade due to the advancements in, and the wider 
availability of, high precision in situ measurements of trace elements by laser 
ablation-inductively coupled plasma-mass spectrometry (LA-ICP-MS), which 
facilitates the measurement of many elements at low concentrations (i.e., parts per 
billion) (e.g., Jackson, 1992; Sylvester, 2001, 2008). Trace element studies of 
minerals spatially related to ore deposits have focused on garnet in skarns (e.g., Smith 
et al., 2004; Gaspar et al., 2008), and Broken Hill-type deposits (Spry et al., 2007; 
Heimann et al., 2009; 2011), magnetite in iron oxide-copper-gold deposits, 
volcanogenic massive sulfide deposits, orogenic Ag deposits, porphyry Cu-Mo, 
skarn, and Ni-Cu-platinum-group element deposits (e.g., Dupuis and Beaudoin, 
2011; Nadoll et al., 2012, 2014; Dare et al., 2014), hematite and maghemite in iron 
oxide-copper-gold deposits (e.g., Schmidt Mumm et al., 2012), and chromite (e.g., 
Pagé and Barnes, 2009) and ilmenite (e.g., Dare et al., 2012) in magmatic sulfide 
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deposits. Furthermore, major and trace elements in garnet are an outstanding 
exploration indicator in the search for diamond-bearing rocks (e.g., Griffin and Ryan, 
1995). 
 There has been no published detailed or systematic evaluation of the origin of 
gahnite in blue quartz-gahnite lode rocks in the Broken Hill domain, notwithstanding 
the limited study of Jain (1999). The current study reports the concentrations of trace 
elements in gahnite from the Broken Hill domain, using LA-ICP-MS. The aims of 
the present study are to: 1. Use the major and trace element chemistry of gahnite from 
the Broken Hill deposit and twelve minor Broken Hill-type occurrences to determine 
the origin of gahnite and gahnite-rich rocks in the southern Curnamona Province, and 
their genetic relationship to Broken Hill-type mineralization, and 2. Develop a 
compositional fingerprint that can be used to distinguish gahnite associated with 
sulfides from those in rocks devoid of sulfides. This geochemical signature can be 
used as an exploration guide to Broken Hill-type mineralization in the Broken Hill 
domain and elsewhere 
1.2 Geology of the Broken Hill Domain 
Broken Hill-type Pb-Zn-Ag mineralization occurs in a 7 to 9 km thick 
sequence of Paleoproterozoic metasedimentary, metavolcanic, and metaintrusive 
rocks known as the Willyama Supergroup, which is located at the east-northeast 
margin of the Adelaide Geosyncline, a large Neoproterozoic-Cambrian basin (Willis 
et al., 1983). The Willyama Supergroup was deposited from 1,710 to 1,640 Ma, and 
is divided into four stratigraphic groups (from the base to the top):  Thackaringa, 
Broken Hill, Sundown, and Paragon (e.g., Page et al., 2005) within the Broken Hill 
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domain (Fig. 2). The Hores Gneiss of the Broken Hill Group hosts the majority of 
the Broken Hill-type Pb-Zn-Ag mineralization (Willis et al., 1983; Page and Laing 
1992, Page et al., 2005). This type of mineralization also occurs in the 
stratigraphically lower Cues Formation of the Thackaringa Group (Barnes et al., 
1983; Parr and Plimer, 1993).   
The metasedimentary rocks consist of metapsammites, metapsammopelites, 
and metapelites. Based on the definition of Stevens and Willis (1983) for 
metapsammites, metapsammopelites, and metapelites in the Willyama Supergroup, 
which uses a classification scheme based on mineralogy, these rock types consist of 
quartz + feldspar that greatly predominate over sillimanite/andalusite + mica (biotite 
and muscovite), quartz + feldspar greater than sillimanite/andalusite + mica with 
mica greater than 20% by volume and sillimanite/andalusite greater than 10%, and 
sillimanite/andalusite + mica greater than quartz + feldspar, respectively. These 
metasedimentary rocks also contain a variety of minor primary minerals, including 
almandine garnet and, in places, cordierite. 
 The complex structural and metamorphic history of the Broken Hill domain 
is comprised of at least four deformational events (denoted as D1, D2, D3 and D4)  
related to two metamorphic events; the Olarian (M1, D1, D2, D3, ~1,600-1,590 Ma) 
and Delamerian (M2) orogenies (D4  ~520-458 Ma)  (Stevens, 1986; Page and Laing, 
1992; Page et al., 2005). Folding (F1, F2, and F3) during M1 was mostly coaxial (Laing 
et al., 1978), with peak metamorphic grades reaching the granulite facies (740° to 
800° C and 5.0 to 6.0 kb) near Broken Hill, but may be > 850° C and ~5.0 to 7.0 kb 
to the southeast. Grade decreases to the middle to lower amphibolite facies to the 
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north of the mine area (Phillips, 1980; Frost et al., 2005; Forbes et al., 2008). The D3 
event is characterized by small-localized zones of shearing and retrograde 
metamorphism that, based on the presence of garnet, staurolite, muscovite, chlorite 
and biotite, reached the amphibolite facies at around 550° to 600° C, and 5.0 to 5.5 
kb (e.g., Phillips 1980; Stevens, 1986). As discussed further below, gahnite formed 
during the Olarian orogeny associated with D1 and D2, and to a lesser extent during 
D3. 
 The Broken Hill deposit has a strike length of ~9 km, and is comprised of nine 
stacked, stratiform/stratabound, Pb-Zn-Ag orebodies that were divided into two types 
by Morland and Webster (1998) and Webster (2006): 1. calcitic (i.e., 2 lens, 1 lens 
Lower, 1 lens upper) and 2. siliceous (i.e., B lode, Southern A lode, Southern 1 lens, 
3 lens, A lode upper, A lode lower). Sulfides in siliceous and calcitic ores consist 
mostly of sphalerite and galena, with lesser amounts of pyrrhotite, and trace amounts 
of chalcopyrite, arsenopyrite, and löllingite (Webster, 2006). Further details on the 
mineralogy and the geology of the Broken Hill deposit are given in Johnson and 
Klingner (1975), Both and Rutland (1976), and Plimer (1984), whereas information 
regarding the location, ore grade, tonnage, past production, mineralogy, and 
geological setting of the Broken Hill-type occurrences studied here are presented in 
Table 1. 
 The origin of the Broken Hill deposit remains controversial, with the genetic 
models (see summaries by Greenfield (2003) and Webster (2006)) being centered on 
whether or not metallic mineralization formed: 1. Pre-metamorphism and related to 
exhalative or inhalative processes (e.g., Johnson and Klingner, 1975; Parr and Plimer, 
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1993; Marshall and Spry, 2000); or 2. Syntectonically with metals being introduced 
during peak metamorphism (e.g., Andrews, 1922) or post-tectonic events (e.g., 
Stillwell, 1959; Gibson and Nutman, 2004).   
1.3 Geologic Setting and Petrography of Gahnite-bearing Rocks in the 
 Broken Hill Domain 
 Although gahnite is most abundant in blue quartz-gahnite lode rocks, it also 
occurs in minor to trace amounts in sillimanite gneiss, lode pegmatite, tourmalinite, 
iron formation, quartz-feldspar-garnet (Potosi) gneiss, and amphibolite (Segnit, 1961; 
Wall, 1977; Barnes et al., 1983; Spry and Scott, 1986; Plimer, 1988; Slack et al., 
1993). Stratigraphically, blue quartz-gahnite rocks occur in the Hores Gneiss, Freyers 
Metasediments, the Parnell Gneiss, and the Allendale Metasediments of the Broken 
Hill Group, as well as the Cues Formation (Fig. 2). Although rarely found 
stratigraphically above the Broken Hill Group, quartz-gahnite lode rocks occur at 
their highest point stratigraphically in metasedimentary rocks of the Sundown 
Formation, near Blue Anchor Tank and Umberumberka, where they mark the contact 
between the Sundown Group and the Cartwrights Creek Metasediments (Barnes et 
al., 1983; Stevens et al., 2003). 
1.3.1 Gahnite-bearing Lode Rocks 
 In the Broken Hill deposit, blue quartz-gahnite lode rocks occur with sulfides 
in the C and B lodes, and along the margins of the A lode as well as 2 and 3 lenses at 
the northern end of the deposit (Segnit, 1961; Burton, 1994). Spry (1978) described 
two gahnite-bearing assemblages in B and C lodes: 1. quartz-gahnite-pyrrhotite-
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galena-biotite±staurolite±muscovite±ilmenite±sphalerite, and 2. garnet-biotite-
chlorite-sphalerite-gahnite-galena-pyrrhotite-quartz±ilmenite. Gahnite-bearing rocks 
occur with massive sulfides, dominated by pyrrhotite and sphalerite with lesser 
galena, and chalcopyrite, and locally, trace arsenopyrite in the Potosi, Henry George, 
and 11:30 deposits as well as in the narrow Zinc lode at the North mine, where gahnite 
is intergrown with varying proportions of sulfides, garnet, ilmenite, and biotite in a 
quartz-sulfide matrix. Textural relationships of gahnite are shown Figures 3A-C, 3E-
H, and 4A-H. Gahnite intergrown with massive sulfides generally contains anhedral 
intergrowths of sphalerite and pyrrhotite (Fig. 3A, B). Sulfide-gahnite contacts rarely 
exhibit evidence of secondary sericitization. Locally, grains of gahnite in massive 
sulfides from the Zinc lode at the North mine have garnet overgrowths, which 
separate gahnite from sphalerite and quartz (Fig. 3C).    
Distal to the Broken Hill deposit, outcrops of gahnite-bearing lode rocks are 
sulfide-poor and occur as 1-2 m thick discontinuous horizons (from centimeters to 
hundreds of meters in length) that are volumetrically minor, but are widespread, and 
are generally concordant to the primary bedding of their host (typically aluminous 
metasedimentary rocks) (Fig. 3D, E) (Barnes et al., 1983). Contacts between quartz-
gahnite rocks and garnet quartzite, garnetite, amphibolite, and sillimanite gneiss are 
locally gradational. Poorly laminated, idioblastic to xenoblastic gahnite occurs as 
interlocking granular clusters and isolated grains in a quartz matrix. Gahnite grains 
range from being inclusion free, to locally containing inclusions of quartz, pyrrhotite, 
ilmenite, and rare monazite. Garnet, biotite, muscovite, and ilmenite are, in places, 
intergrown and in apparent textural equilibrium with gahnite. Blades of sericite are 
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erratically oriented and locally surrounded by a halo of secondary sphalerite (Fig. 
3F). Gahnite rims can be overgrown by secondary sericite and prismatic staurolite 
(Fig. 3G). Elsewhere, gahnite is surrounded by pressure shadows of sericite (e.g., 
Flying Doctor). Quartz-gahnite lode rocks also contain variable amounts of 
orthoclase, sphalerite, galena, chlorite, tourmaline, plagioclase, and apatite, and trace 
titanite, sillimanite, ecandrewsite, magnetite, zircon, and hornblende (Balkau, 1974; 
Hillam, 1974; Barnes et al., 1983; Jain, 1999). Compared to those associated with the 
Broken Hill deposit, quartz-gahnite lode rocks that are distal to Broken Hill generally 
contain lesser amounts of disseminated sulfides (e.g., sphalerite, chalcopyrite, 
arsenopyrite, löllingite, secondary pyrite, and marcasite), but locally contain more 
oxides (e.g., ilmenite, rutile, and magnetite). 
Metapelites with well-defined biotite schistosity (S1) at the 11:30 and Henry 
George prospects contain gahnite intergrown with up to 15% sulfides (i.e., pyrrhotite, 
sphalerite, galena, and chalcopyrite), garnet, biotite, trace amounts of sillimanite, and 
secondary staurolite (Fig. 3H). Gahnite is most abundant along the margins of 
massive sulfides, where grains are generally inclusion-free, but in places, contain 
intergrowths of garnet, biotite, quartz, and locally, galena and ilmenite. Some grains 
of gahnite contain sinusoidal inclusion trails of ilmenite and quartz; whereas, others 
contain square-shaped poikiloblastic cores riddled with quartz inclusions that are 
surrounded by inclusion-free rims (Fig. 4A, B).   
 Gahnite-bearing, sulfide-poor (i.e., less than 1 volume %) metapelites that 
host the Zinc lode at the North mine and the Henry George prospect are dominated 
by folia of sillimanite (S1) and garnet porphyroblasts. Gahnite (~ 1 to 5 volume %) 
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intergrown with variable amounts of biotite, garnet, and ilmenite overgrew 
preexisting sillimanite, which form inclusion trails that parallel the dominant external 
sillimanite schistosity (S1) (Fig. 4C). Rare grains of gahnite occur in sillimanite 
gneisses throughout the Broken Hill domain. 
1.3.2 Cross-cutting Gahnite-bearing Rocks  
 Blue quartz-gahnite lode rocks are generally concordant to bedding of the 
enclosing host rocks, but, in places, gahnite-bearing rocks crosscut bedding in 
metapsammites (e.g., Nine Mile deposit, Balkau, 1974; Leyh, 2001), and quartz-
garnetite rock in the Second to None mine (Slack et al., 1993) and the Broken Hill 
deposit (Frost et al., 2002). Cross-cutting gahnite-bearing rocks range from 
centimeters to meters in thickness, and occur, for example, at the Ten Two, 11:30, 
and Henry George prospects. In these occurrences, narrow lode pegmatite 
segregations contain gahnite, intergrown with biotite and disseminated sphalerite, 
pyrrhotite, pyrite, and magnetite in a quartz-K-feldspar-plagioclase matrix. Locally, 
gahnite contains monazite, biotite, pyrrhotite, and chalcopyrite intergrowths, and is, 
in places, armored by plagioclase (Fig. 4D, E). A subequal distribution of magnetite 
exsolution radiates concentrically from gahnite cores and occurs in sector zones 
within grains (Fig. 4F). 
1.4 Sampling and Analytical Methods 
 Gahnite-bearing rocks were collected from drill core from the Broken Hill 
deposit, Flying Doctor, Henry George, 11:30, and Ten Two prospects, outcrops at 
Flying Doctor, Round Hill, and from mine dumps at the Potosi Pit, Globe, Stirling 
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Hill, and Melbourne Rockwell deposits. These samples were supplemented by those 
previously collected by Spry (1978, 1984) from underground localities in A, B, and 
C lodes of the Broken Hill deposit, and by Spry et al. (2003) from the Mutooroo and 
Champion prospects. The mineralogy of each sample is reported in the electronic 
supplement that accompanies this paper (APPENDIX A). Petrographic descriptions 
for each is reported in Appendix 2 (APPENDIX B). 
 Major element compositions of gahnite (MgO, Al2O3, SiO2, TiO2, MnO, FeO, 
ZnO) were measured using electron probe microanalyzers (EPMA) at the University 
of Minnesota and the Australian National University. The oxides Cr2O3 and V2O3 
were also analyzed on the EPMA at the latter facility. The JEOL 8900 Electron Probe 
Microanalyzer at the University of Minnesota was operated with an accelerating 
voltage of 15 kV, a beam current of 20 nA, and a spot size of 1-2 μm, using a range 
of mineral standards including gahnite (Zn, Al), pyrope (Si, Mg), hornblende (Ti), 
ilmenite (Fe), and spessartine (Mn). The beam time for background and peaks were 
10 seconds each. The Cameca SX100 electron microprobe at the Australian National 
University used an accelerating voltage of 25kV, a beam current of 25nA, and a spot 
size of 1-2 μm. The beam time for major elements was 20 seconds on background 
and peaks. Standards used were synthetic Mn2SiO6 (Mn), sphalerite (Zn), 
wollastonite (Ca), native Fe (Fe), native V (V), pyroxene (Mg), chromite (Cr), and 
amphibole (Al, Ti). Representative major element compositions of gahnite are in 
Table 2, and major element compositions for all gahnites analyzed here are available 
in the digital supplement (i.e., compositions measured at University of Minnesota 
(APPENDIX C) and Australian National University (APPENDIX D)).  
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 Concentrations of trace elements were measured at the Geological Survey of 
Canada (Ottawa) using a LA-ICP-MS comprising a Photon Machines “Analyte 193” 
excimer (ArF) laser ablation system coupled to an Agilent 7700 ICP-MS, fitted with 
an additional rotary interface pump that approximately doubles instrument 
sensitivity. The deep UV wavelength of ArF laser (193 nm) is generally preferred for 
mineral ablation because it is strongly absorbed by most minerals. 
Gahnite was ablated using spot sizes ranging from 52-86 μm (depending upon 
grain size and presence of inclusions) using a pulse energy density of ca. 8.0 J/cm2 
and pulse-repetition rate of 16 Hz. The concentrations of 52 elements were 
determined during each analysis, which consisted of an initial 40 s to measure the gas 
blank followed by up to 120 s of sample ablation, for a total analysis time of 160 s. 
Dwell times were 0.005 s (major elements), 0.015 s (REE), and 0.010 s (other trace 
elements). Analyses were calibrated using an external standard, GSD-1G, a synthetic 
basalt glass microbeam reference standard (USGS), and values of Al2O3 from EPMA 
analysis for internal standardization. In order to correct for instrumental sensitivity 
drift, GSD-1G was analyzed twice every 12-15 analyses of unknown samples. In the 
absence of a gahnite reference material, within session analytical precision and 
accuracy were tested by analyzing USGS microbeam reference material, BCR-2G, 
repeatedly throughout the day, under operating conditions identical to that used 
during routine gahnite analyses. Those trace elements analyzed that were generally 
above detection limits were Cd, Co, Cr, Ga, Li, Mn, Ni, Pb, Ti, and V, whereas 
elements that were generally near or below detection limits were  Ag, As, B, Ba, Be, 
Bi, Ge, Hf, Mo, Rb, S, Sb, Sc Sn, Sr, W, Y,  and Zr, as well as the rare earth elements. 
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 Data reduction was performed using the computer program GLITTER (Van 
Achterberg, 2001), which allows visual inspection and selective integration of  time-
resolved signal intensity profiles prior to conversion of integrated signals to 
concentrations using “GeoREM preferred values” for element contents of GSD-1G 
(http://georem.mpch-mainz.gwdg.de/). To eliminate the effect of any mineral 
inclusions incorporated with the gahnite ablation volumes,  anomalous peaks in the 
signal profiles of elements such as K, Si, and REEs, indicative of silicate and other 
micro-inclusions, were carefully avoided by selective integration. Representative 
trace element compositions of gahnite are presented in Table 3. The complete dataset 
of gahnite trace element concentrations is in the digital supplement (APPENDIX E). 
Table APPENDIX F in the digital supplement summarizes the average limits of 
detection attained during routine LA-ICP-MS analyses and the long-term precision 
and the accuracy assessed by comparing the mean measured element contents for 
BCR-2G with known values reported in http://georem.mpch-
mainz.gwdg.de/sample_query_pref.asp. 
1.4.1 Data Processing 
 Trace and major element data were discriminated using multivariate statistics 
through principal component analysis that is part of the statistical package of the 
computer program JMP Version 10. A principal component analysis is a 
mathematical manipulation of data into a variance-covariance matrix that allows for 
a reduction in dimensionality of a given dataset into those directions of the highest 
variance; therefore, providing an excellent tool to explore and resolve trends within 
large sets of data (e.g., Davis, 2002; Lukibisi and Lanyasunya, 2010). Principal 
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component analysis also allows for the simultaneous discrimination of a large number 
of variables, which in the case of the present study, includes the elements Mg, Al, V, 
Cr, Mn, Fe, Co, Ni, Zn, Ga, and Cd. 
 Compositions obtained from LA-ICP-MS analyses were pretreated to avoid 
problems associated with closure or the constant-sum constraint, which creates 
inherent spurious negative correlations within compositional datasets. A centered 
log-ratio transformation was performed on the dataset using CoDaPack version 
2.01.13 (Comas-Cufí and Thió-Henestrosa, 2011).   
1.5 Geochemistry of Gahnite from the Broken Hill Domain 
1.5.1 Major Elements 
 Using the same components (i.e., gahnite (ZnAl2O4), hercynite (FeAl2O4), 
and spinel sensu stricto (MgAl2O4)) as Spry and Scott (1986) and Heimann et al. 
(2005), relative proportions of Zn, Fe, and Mg for each analysis are presented in a 
series of ternary plots (Fig. 5). For the purposes of comparison, separate plots were 
created for each deposit, and overlain by the compositional fields of gahnite from 
different geological settings identified by Heimann et al. (2005). Gahnite from the 
Broken Hill domain mostly plot within the field for metamorphosed massive sulfide 
deposits hosted by hydrothermally altered Fe–Al-rich metasedimentary and 
metavolcanic rocks (gahnite45-85hercynite15-45spinel0-20). However, some gahnite 
from the Zinc lode at the North mine, Round Hill, Native Dog, Lower Maybell, 
Pepper Tree, and Pinnacles deposits contain a higher proportion of Fe, and plot within 
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the field of unaltered and altered Fe-Al-rich metasedimentary and metavolcanic 
rocks. 
 Samples of gahnite from core in drill hole Z3512 that intersected massive 
sulfides in the C lode orebody and the surrounding country rocks (sillimanite-rich 
pelitic schists) were collected and measured for their major element chemistry. The 
weight % ZnO content of gahnite is plotted against the modal abundance of minerals 
in the host rock (Fig. 6). The metapelitic country rock contains quartz, plagioclase, 
K-feldspar, biotite, muscovite, and sillimanite with lesser amounts of garnet and 
gahnite, and trace amounts (i.e., typically less than one volume %) of sulfides (i.e., 
varying amounts of sphalerite, pyrrhotite, and galena); whereas sulfide-rich rocks are 
dominated by sphalerite and garnet, with lesser amounts of gahnite, pyrrhotite, and 
galena. Grains of gahnite in sulfide-rich rocks contain 28 to 34 weight % ZnO, 
whereas those in sillimanite-bearing schists and gneisses contain 15 to 27 weight % 
ZnO. 
1.5.2 Trace Elements 
 Gahnite contains elevated concentrations of Li, Ti, V, Cr, Mn, Co, Ni, Ga, 
Cd, and Pb, which are generally above the limits of detection and appear to be 
unrelated to the presence of mineral micro-inclusions, as recognized by specific 
elemental peaks in time resolved element profiles. A principal component analysis (n 
= 620) of major and trace element (i.e., Mg, Al, V, Cr, Mn, Fe, Co, Ni, Zn, Ga, and 
Cd) compositions show that the first two principal components account for 44.0% 
and 16.9% of the total variance within the data set, respectively (Fig. 7A). The 
principal component scores are the values of the first two principal components when 
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plotted along axes in a bivariate diagram. Scores for gahnite from the Broken Hill 
deposit partially overlap those from the Henry George, Stirling Hill, Potosi, Flying 
Doctor, Mutooroo, and Champion prospects and Zinc lode at the North mine, whereas 
scores for gahnite from Round Hill, Globe, Melbourne Rockwell, 11:30, and Ten 
Two generally do not overlap those from the Broken Hill deposit. Scores for gahnite 
in lode pegmatite in the Ten Two, Henry George, and 11:30 prospects, and gahnite 
in metapelites adjacent to Zinc lode at the North mine and the Henry George prospect 
occur as isolated clusters. Additionally, scores for gahnite from the Melbourne 
Rockwell prospect plot in a different area of the field compared to the other deposits. 
The corresponding loading plot of the first two principal components displays 
relationships between elements, and shows two elemental groupings: group 1- Mg, 
Fe, Zn, Al, Mn, Cd, and group 2 - V, Ni, and Cr (Fig. 7B). This shows the relationship 
between the elemental groupings in principal component 1 and 2 space. Group 2 
characterizes gahnite in lode pegmatite and sillimanite gneiss. Cobalt and Ga are 
positively correlated with one another, and account for the distinctive composition of 
gahnite from the Round Hill and Globe deposits. Variable loadings of the first 
principal component show a positive relationship among group 1 elements (Mg, Al, 
Mn, Fe, and Zn, and to a lesser extent, Co and Ga), which are negatively correlated 
with group 2 elements (V, Cr, and Ni) (Fig. 7C). The elements Mg, Fe, Co, Ni, Ga, 
and, to a lesser amount, V, are positively correlated with one another in the second 
principal component, but are negatively correlated with Zn, Cr, and Cd, whereas Al 
and Mn show no correlation.         
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 A bivariate plot of Zn/Fe versus Ni+Cr+V distinguishes the composition of 
gahnite in lode pegmatite and sillimanite gneiss from gahnite in massive sulfides, 
quartz-gahnite lode, and sulfide-bearing sillimanite gneiss (Fig. 8). The former are 
enriched in Ni, Cr, and V, and have a lower Zn to Fe ratio then the latter. Gahnite in 
the Melbourne Rockwell prospect has the highest ratio of Zn to Fe, and a trace 
element composition that is similar to that for gahnite in lode rocks. 
Concentrations of trace elements in gahnite from two drill holes, PPN 095 
(Fig. 9) and NM 10783  (Fig. 10), which intersect sulfide mineralization in the Henry 
George and Zinc lode at North mine deposits, respectively, are plotted against 
sampling depth, the type and mineralogy of host rocks, and corresponding assay data 
(i.e., weight % Pb, Zn). The modal proportion of each rock type was estimated from 
drill core, and normalized to total 100%. The dominant mineralogy is listed for each 
unit. Gahnite from lode pegmatite and sillimanite gneiss (also distinguished using 
Fig. 8) contain > 1,000 ppm Ni+Cr+V, and are marked in blue, whereas the remaining 
gahnite, which likely formed in equilibrium with or from the desulfidation of 
sphalerite, are marked in orange.  
Drill hole PPN 095, from the Henry George prospect, intersects massive 
sulfides and numerous horizons of blue quartz quartz-gahnite lode rocks, hosted in a 
sequence of metapelites, metapsammopelites, and biotite-garnet rocks, with minor 
amphibolite and pegmatite. Massive sulfide mineralization (~1 m thick), hosted in 
metapsammopelites is bounded by sphalerite-bearing quartz lode and pegmatitic 
rocks, and corresponds with the highest metal assay values in this drill hole (Fig. 9). 
Gahnite (JB-33) sampled from the contact of massive sulfides (i.e., sphalerite, 
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pyrrhotite arsenopyrite, and chalcopyrite) and a quartz lode horizon contains the 
highest concentrations of Cd.  
Deeper in the drill hole, below the massive sulfides, gahnite (sample JB-35) 
occurs at a sharp contact between sulfide-bearing quartz lode and a quartz-muscovite 
rock, and contains less Cd, but similar Mn content to gahnite in sample JB-33. 
Gahnite in a garnet-biotite rock (sample JB-32) contains the lowest Mn content, 
whereas gahnite in massive sulfides (sample JB-33), and lode rocks bearing 
disseminated sulfides have >750 ppm Mn. In addition to containing high Ni, Cr, and 
V contents, gahnite in narrow segregations of lode pegmatite (i.e., samples JB-29, 
JB-31, JB-34, JB-37, and JB-38) have low Mn contents (< 750 ppm). 
Drill hole NM-10783, from the North mine, intersects several lenses of 
massive sulfides in the Zinc lode in metasedimentary rocks (e.g., metapelite, 
metapsammopelite, metapsammite, schist, and biotite-garnet rock). The drill hole 
also intersects blue quartz gahnite lode rock, pegmatite, and amphibolite (Fig. 10). 
Samples JB-85 and JB-86 are of garnet-sillimanite-biotite gneiss, in which gahnite 
has overgrown foliations of sillimanite. These samples contain elevated 
concentrations of Ni, Cr, V, Ga, and Co, but lower Mn, and Cd contents than gahnite 
that likely formed via the desulfidation of or in equilibrium with sphalerite. Gahnite 
surrounding massive sulfides occur in sulfide-bearing blue quartz gahnite lode rocks 
(i.e., samples JB-82, JB-87, JB-88, JB-89), which have > 1,000 ppm Mn, and similar 
Ga content. Sample JB-89 contains gahnite with the highest Cd and Mn contents in 
the drill hole. 
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The major and trace element chemistry of gahnite was plotted in terms of Co 
(ppm) versus Ga (ppm) (e.g., Fig. 11A), Zn/Fe versus Co (ppm) (e.g., Fig. 11B), 
Zn/Fe versus Mn (ppm) (e.g., Fig. 11C), and Zn/Fe versus Ga (ppm) (e.g., Fig. 11D), 
to compare gahnite compositions between deposits, and to determine whether or not 
a compositional signature can be identified for gahnite from the Broken Hill deposit. 
The plots included here are those that show the greatest degree of elemental 
separation in X-Y space and are elements that are among the most abundant. Due to 
the large dataset size and the overlap in gahnite composition among minor deposits, 
minor Broken Hill-type deposits are plotted against the Broken Hill deposit in three 
groups (determined by geographic location): Group 1: Flying Doctor, Globe, Round 
Hill, Potosi, and Zinc lode at the North mine (Fig. 11A-D); Group 2: 11:30, Henry 
George, and Stirling Hill (Fig. 12A-D); and Group 3: Champion, Mutooroo, and 
Melbourne Rockwell (Fig. 13A-D). The compositional range of gahnite from the 
Broken Hill deposit is expressed in each plot as a density ellipse, which encloses one 
standard deviation (σ = 0.68) of data from the Broken Hill deposit.  
Gahnite from the Broken Hill deposit has a relatively restricted compositional 
range, which overlaps the composition of gahnite intergrown with sulfides from 
Flying Doctor, Henry George, Globe, Champion, Stirling Hill, Potosi, and Zinc lode 
at the North mine, whereas compositions of gahnite from the Round Hill, Melbourne 
Rockwell, and 11:30 prospects only partially overlap that for the Broken Hill deposit.  
The composition of gahnite from the Berta Tank, Dingo Ridge, Emu Ridge, 
Horseshoe Ridge, Tom’s Dam, and Two Mile Ridge prospects from Mutooroo are 
plotted in terms of Ga versus Co (Fig, 13A), Zn/Fe versus Co (Fig. 13B), Zn/Fe 
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versus Mn (Fig. 13C), and Zn/Fe versus Ga (Fig. 13D), along with the compositions 
of gahnite from the Broken Hill deposit, and a density ellipse that encloses one 
standard deviation (σ = 0.68) of compositional data from the Broken Hill deposit. In 
a plot of Zn/Fe versus Mn (ppm), gahnite compositions from Berta Tank, Emu Ridge, 
Two Mile Ridge, and Tom’s Dam overlap with those from the Broken Hill deposit, 
whereas those from Dingo Ridge and Horseshoe Ridge do not (Fig. 13C). Where 
plotted in terms of Ga versus Co only gahnite from Emu Ridge, Tom’s Dam, and 
Berta Tank, overlap with those from the Broken Hill deposit (Fig. 13A). 
 Bivariate plots of Ga versus Co (Fig. 14A), Zn/Fe versus Co (Fig. 14B), Zn/Fe 
versus Ga (Fig. 14C), and Zn/Fe versus Mn (Fig. 14D) for gahnite intergrown with 
sulfides from Zinc lode at the North mine, Henry George, Flying Doctor, and 11:30 
are color coded on the basis of the ore grade in terms of weight % Pb + Zn, which is 
derived from drill core assay data. For the purposes of comparison, the density ellipse 
for the composition of gahnite from the Broken Hill deposit is overlain on each plot. 
The compositional signature for gahnite associated with the highest ore grades from 
Henry George, 11:30, Flying Doctor, and Zinc lode at the North mine overlaps with 
the compositional field (density ellipse) for gahnite from the Broken Hill deposit. 
1.6 Discussion 
1.6.1 The Origin of Gahnite in the Southern Curnamona Province 
In the southern Curnamona Province, gahnite formed by various metamorphic 
reactions at the upper greenschist (i.e., the Mulyungarie Antiform, Olary domain, 
South Australia) to the granulite facies in and around the Broken Hill deposit (Broken 
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Hill domain, New South Wales) during D1 to D3. Different physicochemical 
conditions (e.g., fO2, fS2, temperature, pressure, host rock composition, and mineral 
paragenesis) affect the major element chemistry of gahnite in sulfide-bearing rocks 
(e.g., Spry et al., 1986; Heimann et al., 2005). The experimental and empirical studies 
of Spry et al. (1986) showed that the composition of zincian spinel in the gahnite-
hercynite solid solution is strongly dependent upon fS2 and fO2, which is dictated by 
the aFeS content of Fe-bearing sulfides (i.e., sphalerite and pyrrhotite) that coexist 
with gahnite. For the broad range of metamorphic conditions (upper greenschist to 
granulite facies) at which gahnite is stable, the composition of gahnite in the gahnite-
hercynite solid solution is ~65-85 mole % ZnAl2O4 (Spry and Scott, 1986). Note that, 
although the gahnite to hercynite ratio is fixed by the presence of sphalerite and 
pyrrhotite, the spinel sensu stricto content is small (~10 mole %), because MgO 
content, which is generally low in lode rocks, does not take part in desulfidation 
reaction. For the composition of gahnite to be buffered by Fe-sulfides in the host 
rock, the pyrrhotite, sphalerite and pyrite content should comprise more than ~1 
volume % (Spry and Teale, 2009). This is the primary reason for the compositional 
overlap among gahnites in sulfide-bearing assemblages (e.g., the Broken Hill deposit, 
Henry George, Flying Doctor) and comparatively sulfide-poor blue quartz-gahnite 
lode rocks that contain as little as 1 to 3 volume % sulfides (e.g., Champion, Globe, 
Round Hill, and Mutooroo deposits). However, gahnite in sillimanite gneiss (i.e., 
Henry George, the Zinc lode at North mine) and sulfide-barren blue quartz-gahnite 
lode rocks (e.g., Round Hill, Native Dog, Lower Maybell, and Pepper Tree) was not 
buffered by sulfides (Sangster and Scott, 1976; Wall and England, 1979; Spry and 
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Scott, 1986; Bryndzia et al., 1988; Jain, 1999), and as a result, generally has a lower 
Zn/Fe ratio compared to that for gahnite from sulfide-bearing locations.   
 Gahnite-forming reactions and the stability of gahnite in sulfide-bearing rocks 
metamorphosed to the granulite facies can be modeled using a Schreinemakers’ 
analysis of the system Zn-Fe-Al-Si-S-O, involving gahnite, sphalerite, pyrrhotite, 
garnet, quartz and sillimanite, (Spry and Scott, 1986) (Fig. 15). The common 
assemblage of gahnite-sphalerite-garnet±pyrrhotite±pyrite±quartz at Broken Hill 
suggests gahnite likely formed during D1-D2 via the reaction:   
         
                Fe3Al2Si3O12  +  ZnS  +   S2   =   ZnAl2O4  +  3FeS      +  3SiO2  +  O2      
 (1)  
                   almandine      sphalerite           gahnite      pyrrhotite   quartz 
 Gahnite intergrown with massive sulfides (pyrrhotite and sphalerite) is stable 
under high fS2 and high fO2 conditions (fields 1 and 2, Fig. 15), although gahnite is 
also stable where it coexists with garnet and quartz (field 3, Fig. 15). The stability of 
gahnite represented by fields 1, 2, and 3, and its formation via reaction 1, is likely 
responsible for the presence of gahnite in the Broken Hill deposit (A lode, B lode, C 
lode), Zinc lode at the North mine, Flying Doctor, Potosi, 11:30, and Henry George 
prospects, where gahnite occurs in two main assemblages: 1. quartz-gahnite-
pyrrhotite-sphalerite±garnet±biotite (fields 1 and 2, Fig. 15); and 2. quartz-biotite-
gahnite-pyrrhotite-garnet (field 3, Fig. 15). Gahnite coexisting with garnet and 
disseminated sphalerite in quartz-garnetite lode rocks adjacent to the C lode, formed 
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under lower fS2 and fO2 conditions (field 4) than for gahnite in fields 1, 2, and 3 (Fig. 
15). 
Blue quartz-gahnite lode rocks likely formed as a result of exhalation or 
inhalation of silica-saturated zinc-bearing fluids from submarine hydrothermal vents 
(Spry and Scott, 1986; Spry et al., 2000; Stevens, 2003). Groves et al. (2008) showed 
blue quartz-gahnite lode rocks mostly occur stratigraphically below the Broken Hill 
deposit and are symmetrically distributed around the C lode fault, a synsedimentary 
extensional lineament identified as the exhalative center, or feeder system, to the 
Broken Hill ore bodies. Furthermore, gahnite–bearing lode rocks distal to the Broken 
Hill deposit are generally concordant with the primary bedding of their host rock. 
Such a scenario is consistent with the exhalative origin proposed by Slack et al. 
(1993) for some stratabound tourmaline-bearing quartz-gahnite rocks in the Broken 
Hill domain and exhalative/inhalative models proposed for the deposition of base and 
precious metals in the Broken Hill deposit (e.g., Johnson and Klingner, 1975; Parr 
and Plimer, 1993) 
 Quartz-gahnite lode rocks contain variable proportions of biotite, muscovite, 
apatite, sulfides, garnet, and secondary staurolite. Gahnite in rocks with >1 volume 
% sulfides likely formed via reaction 1, and as a result, were buffered by coexisting 
iron-bearing sulfides. The low concentration of sulfides required to buffer gahnite 
chemistry results in the compositional overlap between the major element 
composition of gahnite in sulfide-poor rocks and sulfide-rich rocks. However, in 
sulfide-free rocks, it is unlikely that Fe-rich gahnite formed via reaction 1. Because 
garnet is the most common silicate, other than quartz, in these rocks, we speculate 
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here that gahnite, garnet and quartz could have formed by a modified version of a 
reaction proposed by Bernier et al., (1986), to explain the presence of gahnite at 
Montauban-les Mines Cu-Zn deposit, Quebec: 
 
2ZnMn3O7•3H2O  +  4Al2Si2O5(OH)4 = 2ZnAl2O4 + 2Mn3Al2Si3O12 + 2SiO2 + 14H2O 
+ 3O2        (2) 
        chalcophanite          kaolinite                 gahnite       spessartine          quartz 
This reaction may be appropriate for the formation of the Zn component of gahnite 
and for the Fe-rich gahnite that was not likely buffered by coexisting sulfides (e.g., 
Round Hill, Native Dog, Lower Maybell, and Pepper Tree). It also accounts for the 
formation of coexisting gahnite and spessartine in the Angus-Kintore prospect, as 
was noted by Spry et al. (2000). 
 Gahnite in sulfide-bearing biotite-garnet rocks formed at high fS2 and fO2 
conditions in textural equilibrium with garnet, biotite, quartz, sphalerite, and 
pyrrhotite (fields 2 and 3; Fig. 15). This assemblage envelopes massive sulfides in 
the 11:30 and Henry George deposits, and likely formed over a range of fO2-fS2 
conditions between massive sulfides and surrounding sulfide-poor metapelitic and 
psammopelitic rocks during prograde metamorphism (Spry, 2000). Textural evidence 
suggests that gahnite in sulfide-bearing biotite-garnet rocks had a protracted 
paragenetic history. Gahnite intergrown with biotite in the 11:30 deposit contains 
sinusoidal ilmenite and quartz inclusion trails that continue into the biotite-quartz 
matrix (Fig. 4A). Inclusion trails suggest gahnite growth was synkinematic with 
either F1 or F2. Some grains of gahnite from 11:30 display two distinct growth zones, 
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poikiloblastic cores riddled with intergrowths of quartz, and inclusion-free gahnite 
rims (Fig. 4B). These cores preserve octahedral growth faces of gahnite, and 
texturally resemble poikiloblastic (with inclusions of quartz), octahedral gahnite in 
quartz-garnet-muscovite rocks metamorphosed to the upper greenschist facies from 
Polygonum, Mulyungarie Antiform (Fig. 4G) (Heimann et al., 2013). The abundance 
of inclusions in gahnite from the Mulyungarie Antiform is likely the result of rapid 
growth conditions coupled with a low nucleation rate and a lack of recrystallization 
due to the lower metamorphic grade to have affected these rocks. Inclusion-free rims 
likely formed as metamorphic overgrowths, which nucleated on preexisting 
poikiloblastic gahnite cores, either during the late stages of D1 or during D2.  
Gahnite occurs as a rare accessory mineral in sulfide-poor aluminous 
metasedimentary rocks (e.g., Zinc lode at the North mine, Henry George) (e.g., 
Segnit, 1961; Plimer, 1988), where it likely formed during late D1 or during D2. To 
explain the presence of gahnite in sulfide-free metasedimentary rocks, Segnit (1961) 
proposed that zinc oxide adsorbed onto kaolinite during diagenesis, and subsequently 
formed gahnite and sillimanite during prograde metamorphism via: 
 
2Al2Si2O5(OH)4    +   ZnO   =  ZnAl2O4  +  3SiO2  +  Al2SiO5 + 4H2O      
(3)                                             
                 kaolinite         zinc oxide                gahnite       quartz    sillimanite 
 
Pirajno (2009) considered that the muscovite in these rocks was derived from illite. 
Although reactions 1 and 2 account for the spatial association between gahnite and 
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garnet in sulfide-bearing rocks, and gahnite and sillimanite in sulfide-free aluminous 
metasedimentary rocks via reaction 3, reaction 4, which was originally proposed by 
Hobbs (1975), may be more appropriate for the formation of gahnite in some garnet-
free rocks since it appears locally to have replaced and overgrown S1 sillimanite: 
 
                           ZnS  +  Al2SiO5  +  ½ O2  =  ZnAl2O4  +  SiO2  +  ½ S2                          (4) 
                       sphalerite   sillimanite               gahnite       quartz  
 
 In such samples, it is unclear whether gahnite grew late during D1 or during D2; 
however, gahnite in this setting formed under fS2-fO2 conditions schematically 
represented by field 5 in Figure 15.  
 Compared to blue quartz-gahnite lode that parallels bedding and the S1 fabric 
in surrounding metapelitic schists and metapsammites, quartz-gahnite segregations 
locally crosscut S1 and, in places, form parallel to the axial plane of S2 folds (e.g., 
Centennial deposit; Balkau, 1974). Moreover, remobilized sphalerite in the Potosi 
deposit is surrounded by quartz-gahnite rocks that parallel the axial surface of an F2 
synform (McGunigle et al., 1998). Small gahnite-amazonite-quartz pegmatitic rocks 
that crosscut blue quartz-gahnite lode also occur in the Centennial, Nine Mile, 
Consolidated, Wolseley, and Kintore prospects (Hillam, 1974; Stevens, 1980; 
Barnes, 1988).    
In places, blue quartz-gahnite rocks grade into plumbian K-feldspar-bearing 
quartz-gahnite rocks that resemble lode pegmatite (e.g., near the Allendale deposit, 
Barnes, 1980). Similarly, gahnite-bearing lode pegmatite occurs in the Ten Two 
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prospect. These stratabound pegmatitic rocks are largely composed of K-feldspar, 
plagioclase, quartz, gahnite, magnetite, pyrrhotite, pyrite and chalcopyrite, and 
contain the same minerals as lode pegmatites, which formed around the Broken Hill 
deposit as a result of anatexis during D1 (Haydon and McConachy, 1987; Webster, 
2006). Where gahnite coexists with sulfides in the Broken Hill domain, the sulfides 
consist most commonly of sphalerite and pyrrhotite. However, it should be noted here 
that gahnite in pegmatitic segregations from the Ten Two prospect coexists with 
primary pyrite, pyrrhotite, and magnetite. The association of gahnite with pyrite, 
pyrrhotite, and magnetite represents fS2 and fO2 conditions that are considerably 
higher than that associated with gahnite elsewhere in the Broken Hill domain, where 
primary pyrite is rare.   
 The effects of retrograde metamorphism on gahnite are most pronounced in 
rocks located proximal to large shear zones (e.g., Round Hill, Globe, Flying Doctor, 
Stirling Hill), where gahnite is rimmed by splays of erratically oriented sericite, 
chlorite, and, in places, overgrown by secondary zincian staurolite. Spry and Teale 
(2009) proposed the conversion of gahnite to sericite and staurolite is a function of 
increasing fH2O during retrograde metamorphism associated with D3. It is likely that 
retrograde metamorphism had little, if any, effect upon the major element chemistry 
of gahnite since there is no evidence of compositional zoning within grains. 
Moreover, the composition of gahnite is no different for grains surrounded by either 
sericite or staurolite than grains that exhibit no signs of alteration. Secondary 
staurolite analyzed here contains 3.37 to 4.89 weight % ZnO, which is similar to 
values (3.89 to 4.27 weight % ZnO) reported by Bottrill (1983). Gahnite in massive 
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sulfides (sphalerite with lesser pyrrhotite and trace chalcopyrite) in the Zinc lode at 
the North mine is overgrown by garnet, and does not occur in contact with sphalerite 
and quartz (Fig. 3C). This texture is similar to that reported by Parr (1992) for gahnite 
in the Pinnacles deposit, who proposed that gahnite converted to garnet during an 
isobaric retrograde event.     
Most grains of gahnite formed during D1, and to a lesser extent, D2; however, 
textural evidence suggests that trace amounts of gahnite may have also grown during 
the D3 event. Euhedral gahnite from the Potosi deposit has overgrown and contains 
intergrowths of fine-grained retrograde sericite in a biotite-sericite-quartz matrix 
(Fig. 4H). Sericitization dominantly occurred during retrograde metamorphism (i.e., 
the D3 event).  
1.6.2 Major and Trace Element Chemistry of Gahnite 
Like other members of the spinel group (e.g., magnetite and chromite), the 
trace element chemistry of gahnite from the Broken Hill domain is dominated by the 
first series transition metals (i.e., V, Cr, Mn, Co, Ni), Ga, and Cd (Pagé and Barnes, 
2009; Nehring et al., 2010; Dupuis and Beaudoin, 2011; Nadoll et al., 2012). 
Although most transition metals have two or more valence states, we assume on the 
basis of ionic radii and the most common oxidation states observed in nature that 
divalent cations (Mn2+, Co2+, Ni2+, Cd2+) substitute into the tetrahedral site, whereas 
trivalent cations (V3+, Cr3+, Ga3+) substitute into the octahedral site. Unlike major 
element chemistry, little is known about the factors controlling the trace element 
chemistry of gahnite. However, concentrations of trace elements in gahnite likely 
depend upon several factors, which include bulk rock chemistry, the partitioning of 
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elements between gahnite and other minerals in the matrix, temperature, pressure, 
fO2, fS2, fH2O, crystal-chemical controls (i.e., the major element chemistry), and the 
chemistry of precursor minerals (e.g., sphalerite, garnet, pyrrhotite). These factors, 
and ultimately the trace element composition of gahnite, will also vary depending 
upon the timing and type of gahnite-forming metamorphic reaction.   
Trace element chemical variations for gahnite in the Broken Hill deposit and 
the minor Broken Hill-type deposits studied here are presented in Table 4, which 
contains the mean, standard deviation, median, minimum, and maximum 
concentrations of V, Cr, Mn, Co, Ni, Ga, and Cd in lode pegmatite and pegmatitic 
segregations, sillimanite gneiss, and blue quartz-gahnite lode rocks/sulfide-bearing 
metapelitic rocks. Compositions were divided into these three groups because gahnite 
in these settings likely formed via different metamorphic reactions, and can readily 
be distinguished using principal component analysis and in a plot of Zn/Fe versus 
Ni+Cr+V (Fig. 8).  
Lode pegmatite and pegmatitic segregations contain the most Cr- and V-rich 
gahnite in the Broken Hill domain, and can be distinguished using these elements 
from gahnite in quartz lode rocks, sulfide-bearing metapelite rocks, and sillimanite 
gneiss. Lode pegmatite and pegmatitic segregations are considered to have formed 
by partial melting of metavolcanic and metasedimentary rocks (Lawrence, 1967; 
Plimer, 1976) or an arkose (Haydon and McConachy, 1987). The chemistry of 
gahnite in lode pegmatite segregations is dependent upon the behavior of trace 
elements during the partial melting of the host rock. Enriched concentrations of 
transition metals in gahnite, which crystallized from partial melts, is likely to have 
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been governed by the ability of the spinel structure to sequester and accommodate 
transition metals during crystallization. These elements are incorporated 
preferentially into the structure of gahnite rather than the other common minerals 
(i.e., quartz and feldspar) in this rock type. In sulfide-bearing lode pegmatite 
segregations, some transition metals may also be incorporated in sulfides and rare 
magnetite.  
 Gahnite in aluminous metasedimentary rocks, that have overgrown 
sillimanite, generally contains higher concentrations of Cr and V than gahnite in 
quartz lode, and is more Ni-rich than gahnite in lode pegmatite. If gahnite in 
sillimanite gneiss formed via reaction 3, transition elements would likely have been 
adsorbed onto a precursor mineral such as kaolinite. Alternatively, transition metals 
could have been introduced by hydrothermal fluids with the precursor kaolinite or 
have been derived from relative enrichment of aluminum associated with severe 
hydrothermal leaching of precursor rocks. However, field evidence for such a degree 
of leaching in rocks at Broken Hill is lacking. These alternatives cannot be fully 
evaluated due to the absence of lithogeochemical data on the gahnite-bearing rocks 
used in this study in and adjacent to the deposit. However, based on lithogeochemical 
studies of metapelites, metapsammites, and metapsammopelites by Slack and Stevens 
(1994) there is an average of 117 ppm (n = 17) of Zn in the unaltered metapelites and 
metapsammopelites in the Broken Hill domain and between 136 and 398 ppm in 
“four weakly mineralized samples.” We speculate that there is sufficient Zn in the 
unaltered metasedimentary rocks and the weakly mineralized (i.e. altered) rocks to 
form rare gahnite. If, on the other hand, gahnite formed via reaction 4, minor amounts 
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of sphalerite may have incorporated these trace elements, which upon desulfidation 
were liberated and preferentially incorporated Zn and other transition metals in the 
structure of gahnite.  
Hillam (1974) reported a spatial relationship between gahnite in sillimanite 
gneiss at Nine Mile, where gahnite overgrew sillimanite, which is texturally similar 
to gahnite in the Zinc lode at North mine and the Henry George prospect, where 
gahnite overgrew S1 sillimanite. Spatial relations with, and a comparable trace 
element chemistry to gahnite-bearing lode pegmatite supports this contention for the 
formation of gahnite in sillimanite gneiss. Furthermore, the trace element 
composition of inclusion-free gahnite overgrowths on inclusion-rich gahnite cores in 
the 11:30 prospect (Fig. 4B) contain concentrations of V (335-347 ppm), Cr (1985-
2780 ppm), and Ni (92-138 ppm) that are similar to gahnite in sillimanite gneiss.  
 Gahnite in quartz-gahnite lode rocks and sulfide-bearing metapelitic rocks 
likely formed via the desulfidation of sphalerite (e.g., reaction 1) under similar 
metamorphic (temperature and pressure) conditions. Therefore, the composition of 
gahnite that formed in this manner was likely governed by the chemistry of the 
precursor mineral phases, the partitioning of elements between gahnite and coexisting 
minerals (e.g., garnet, biotite), and ultimately, the whole-rock chemistry.  
Consideration of the major-trace element chemistry of minerals (e.g., 
sphalerite, pyrrhotite, and garnet) consumed during gahnite-forming reactions may 
be fundamental to understanding the available trace element budget during gahnite 
growth. Although detailed trace element compositions have not been obtained for 
sphalerite at Broken Hill, studies by Cook et al. (2009) show that sphalerite in general 
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can readily accommodate trace amounts of Cd, Co, Ga, Mn, and Ni. A limited trace 
element study of sphalerite at Broken Hill by Spry et al. (1978) measured the 
concentrations of selected trace elements in sphalerite using EMPA, and showed that 
it contains up to ~160 ppm Cu, 760 ppm Mn, 330 ppm Cd, 150 ppm As, 100 ppm 
Co, and 160 ppm Pb. Garnet from Broken Hill contains V (12-573 ppm), Cr (1.6-653 
ppm), Co (0.4-198 ppm), Ni (0.11-3.6 ppm), and Ga (8.1-96 ppm) (Heimann et al., 
2011). Although insufficient data have been collected to evaluate how dependent the 
trace element chemistry of gahnite is upon the composition of precursor garnet and 
sphalerite, the elevated concentrations of some transition metals (especially in garnet) 
would support this contention.  
Trace element partitioning between gahnite and coexisting minerals growing 
in the matrix may also affect gahnite chemistry. Distribution coefficients calculated 
for gahnite-biotite and gahnite-garnet pairs in the Broken Hill domain suggest that 
most transition metals (i.e., Cr, V, Co, Ni, Cd) and Ga preferentially partition into 
gahnite relative to coexisting biotite (except for Ti) and garnet (except for Mn) 
(O’Brien et al., 2013a). Since Cr, V, Ni, Co, Cd, and Ga will preferentially partition 
into gahnite over biotite and garnet, the presence of these minerals in gahnite-bearing 
rocks will generally not affect geochemical fingerprints involving these elements. 
However, the presence of garnet is likely to influence the Mn content of gahnite. 
Consideration must also be given to other accessory minerals (e.g., apatite, ilmenite, 
sphalerite, and pyrrhotite) for which distribution coefficients with gahnite were not 
determined, and how their presence may influence gahnite chemistry and the 
available trace elemental budget during gahnite growth. 
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Assuming gahnite preferentially sequesters transition metals and Ga, 
variability in gahnite trace element chemistry is likely to be a reflection of protolith 
chemistry and the major element chemistry of gahnite. Although it is difficult to 
compare the chemistry of gahnite with the composition of its host rock without 
representative whole-rock geochemical data, comparisons may be made with 
previously reported trace element compositions of rocks (i.e., mafic rocks, meta-
exhalites, metasedimentary rocks, quartzofeldspathic gneiss) in the Broken Hill 
domain (Table 5). 
Variability in the concentrations of transition metals in metalliferous and 
exhalative sediments have been used in the past to assess the input of hydrothermal 
(e.g., Mn, Zn, Cr, Cd), hydrogenetic (e.g., Mg, Co, Ni), and detrital (e.g., Cr, Ti) 
components (e.g., Bonatti, 1975; Hein et al., 2005; Heimann et al., 2011) on precursor 
sediments. However, in certain cases Mg, Co, Ni, Ti could also be considered 
hydrothermal, either enriched by fluid transport or, in the case of Ti, by leaching. The 
enrichment of Mn in rocks of this type has been used as an indicator of hydrothermal 
activity (e.g., Bonatti, 1975). For example, garnet in quartz garnetite and garnet-rich 
rocks distal to the Broken Hill deposit are depleted in Mn, whereas those in the 
Broken Hill deposit are generally enriched in Mn (Heimann et al., 2011). 
Furthermore, metaexhalites in the Broken Hill domain contain higher concentrations 
of Mn than metasedimentary rocks (Table 5). Gahnite in blue quartz-gahnite lode in 
prospects located north of the Broken Hill deposit (i.e., Globe, Zinc lode at the North 
Mine, Potosi, Round Hill, and Flying Doctor), Champion and Melbourne Rockwell 
contain the highest concentrations of Mn. 
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Elevated Mn content in gahnite appears to be related to the same hydrothermal 
activity associated with the formation of massive sulfides and exhalative rocks. 
Gahnite with the highest Mn content in drill hole PPN-095 occurs adjacent to 
exhalites or massive sulfides, whereas comparatively Mn-poor gahnite occurs in a 
biotite-garnet rock. Similarly, gahnite associated with massive sulfides and exhalites 
in drill hole NM-10783 contains the highest concentrations of Mn (>1,000 ppm), 
whereas gahnite in sillimanite gneiss, which likely had a considerably smaller 
hydrothermal input are Mn-poor. Although elevated Mn content in gahnite may 
indicate input of a hydrothermal component to the protolith, it does not always 
indicate the presence of sulfides, as gahnite in the Melbourne Rockwell and 
Champion deposits are Mn-rich, but occur in sulfide-poor lode rocks.   
 Gahnite in the 11:30 prospect occurs in quartz-gahnite horizons and sulfide-
bearing metapelitic rocks, and contains elevated Cr, Co, and Ni contents, and low Mn 
content. Relative to other prospects studied here, quartz-gahnite lode rocks associated 
with the 11:30 deposit are biotite-rich. Higher Co and Ni content may indicate an 
enrichment of these elements in the precursor potentially hydrothermally altered 
sediments, which may suggest a hydrothermal or hydrogenetic contribution, whereas 
low Mn content may suggest a smaller hydrothermal input. Gahnite in aluminous 
gneiss in drill hole NM-10783 contains high Ni and Co contents. Studies of garnet-
rich rocks by Heimann et al. (2011) showed rocks of this type distal to the Broken 
Hill deposit contain higher V, Co, and Ni content, and lower Mn content than quartz 
garnetite proximal to the Broken Hill deposit. Therefore, gahnite compositions with 
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high Co and Ni content, and low Mn content may suggest the protolith had higher 
amounts of hydrogenetic and a lower hydrothermal input.  
Sillimanite gneiss in the Broken Hill domain generally contains higher Cr 
content than metaexhalites and quartzofeldspathic gneisses, which may account for 
the relative enrichment of Cr in gahnite from the 11:30 prospect. Based on elemental 
correlations of whole-rock geochemical data from rocks interpreted as 
metasedimentary in the Broken Hill domain, Slack and Stevens (1994) suggested Cr 
content was originally contained in the clay-sized fraction of the precursor sediments. 
Alternatively, this and other metals may have been brought in during hydrothermal 
alteration of precursor rocks where spatially related to sulfides or meta-exhalites. 
Although mafic units contain the highest concentrations of Cr, V, and Co, a spatial 
relationship with rocks of this type does not appear to result in the enrichment of 
these elements in gahnite. Gahnite sampled from above and below an amphibolite in 
drill hole PPN 095 (Henry George deposit) does not contain anomalous 
concentrations of Cr, V, or Co relative other gahnite sampled from the same hole. 
Hence, it is unlikely that these elements are locally derived. 
1.6.3 Gahnite as an Exploration Guide 
The presence of exhalative quartz-gahnite lode rocks is indicative of 
submarine hydrothermal activity, and therefore, constitutes an important exploration 
guide to Broken Hill-type deposits in greenfield terranes. However, use of quartz-
gahnite lode rocks as a guide in brownfield terranes, such as the Broken Hill domain, 
must be treated with care, because even though their presence indicates a potential 
spatial relationship to sulfides, it does not indicate the size of the deposit. Therefore, 
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the chemistry of gahnite may serve as an indicator to distinguish prospective 
occurrences of quartz-gahnite lode rocks from comparatively non-prospective, 
sulfide-poor ones. The major element chemistry of gahnite can be used to determine 
whether or not gahnite forming reactions were buffered by the presence of sulfides. 
The influence that sulfides exert upon the major element chemistry of gahnite is 
illustrated by comparing the composition of gahnite in sulfide-bearing rocks through 
the C lode orebody to those in the surrounding sulfide-poor sillimanite-bearing pelitic 
rocks (Fig. 6). Gahnite in rocks containing > 1% sulfides plot within the 
compositional field for “metamorphosed massive-sulfide deposits hosted by 
hydrothermally altered Fe–Al-rich metasedimentary and metavolcanic rock” that was 
identified by Heimann et al. (2005); gahnite in the adjacent sillimanite gneisses plot 
in the “unaltered and altered Fe–Al-rich metasedimentary and metavolcanic rocks” 
field. It should be noted here that gahnite from aluminous metasedimentary rocks and 
some blue quartz-gahnite lode rocks (e.g., Round Hill, Native Dog, Lower Maybell, 
and Pepper Tree) have low Zn/Fe ratios, and are not spatially associated with massive 
sulfides.  
 A combination of major and trace element chemistry was used to identify a 
compositional signature for gahnite (n = 520) associated with the Broken Hill deposit 
that can be distinguished from gahnite in sulfide-poor occurrences (Figs. 11-14). Not 
included in Figures 11-14 are the compositions of gahnite from lode pegmatite and 
aluminous metasedimentary rocks. Bivariate plots show that the compositions of 
gahnite from the Broken Hill deposit do not overlap those from the Round Hill, 11:30, 
and Melbourne Rockwell deposits, but partially overlap those from the Globe, Flying 
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Doctor, Henry George, Potosi, Champion, Stirling Hill, and Mutooroo prospects and 
the Zinc lode at the North mine (Figs. 11-13). This suggests that the latter deposits 
may be compositionally similar to the Broken Hill deposit, and good candidates for 
further exploration. Figure 14 A-D has the same axes as Figures 11-13, but Figure 14 
shows the ore grade (weight % Pb + Zn) for each gahnite sample from the 11:30, 
Henry George, Flying Doctor, and Zinc lode at the North mine. The remaining 
deposits are not included in these plots because assay data for these rocks were 
unavailable. Gahnite from the Broken Hill deposit has compositions that coincide and 
overlap with those in rocks with the highest ore grades in the Henry George, Flying 
Doctor, 11:30, and Zinc lode at the North mine deposits. For a major element ratio of 
Zn/Fe = 2 to 4 versus Co = 10-110 ppm, Ga = 110-400 ppm, and Mn = 500-2,250 
ppm, as well as coupled trace element ranges of Co = 25-100 ppm versus Ga 125-
375 ppm, these gahnite compositions characterize those associated with both the 
highest ore grades in the minor Broken Hill-type deposits as well as the Broken Hill 
deposit. These data suggest that the Zn/Fe ratio and trace element compositions can 
be used as an exploration guide to fingerprint high-grade Broken Hill-type 
mineralization in the Broken Hill domain. 
 Prospects in the Mutooroo area were used to test the proposed geochemical 
fingerprints and their ability to distinguish the composition of gahnite from Broken 
Hill with those from elsewhere in the Broken Hill domain (Fig. 13). An overlap in 
the composition of gahnite between those from the Emu Ridge, Tom’s Dam, Berta 
Tank, and Two Mile Ridge with the Broken Hill deposit suggest these prospects 
might be better candidates for further exploration than Horseshoe Ridge and Dingo 
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Ridge prospects where there is no overlap in gahnite composition from these two 
prospects with that of gahnite from Broken Hill.  
 Gahnite intergrown or associated with massive sulfides in drill holes NM 
10783 and PPN 095 contain higher concentrations of Cd than those within sulfide-
free or sulfide-poor rocks. This suggests that in addition to previously distinguished 
fingerprints, elevated Cd content in gahnite may serve as an indicator of high-grade 
sulfide mineralization.  However, this signature may have limited value as an 
exploration guide for rocks in situ since such gahnite only occurs in contact with 
sulfides. It may serve as a better guide for gahnite obtained from unconsolidated 
sediments in a greenfield survey where the presence or absence of gahnite coexisting 
with sulfides is uncertain. In drill hole PPN-095, samples JB-33, JB-34, and JB-35 
occur within 1 m of massive sulfides, but only gahnite in sample JB-33 shows 
elevated concentrations of Cd. JB-34 is associated with thin segregations of lode 
pegmatite, whereas JB-35 occurs at the contact between quartz-gahnite lode rocks 
and metapsammopelites, which suggests the extent of Cd enrichment in gahnite is 
limited to just where gahnite coexists with sulfides. This illustrates that populations 
of gahnite that may have formed via different metamorphic reactions/processes (e.g., 
gahnite in lode pegmatite, gahnite that formed via the desulfidation of or in 
equilibrium with sphalerite) may occur in adjacent samples, which underscores the 
importance of combining trace element studies with petrographic studies.  
 Avenues of future study include testing the spatial variability of gahnite 
chemistry in quartz-gahnite lode rocks. Although the present study identifies a 
compositional signature for gahnite associated with high-grade Broken Hill-type 
42 
 
mineralization, attention should be paid to the spatial variability in gahnite chemistry 
in quartz-gahnite lode rocks along strike from known sulfide occurrences, to test 
whether gahnite chemistry can be used as a vector to sulfides in a manner similar to 
that described by Ririe and Foster (1984) who noted that the Zn to Fe ratio of gahnite 
in sillimanite-bearing gneisses increases with proximity to the Proterozoic Cotopaxi 
Cu-Zn deposit, Colorado.  
 Although the major-trace element chemistry of gahnite may be used to 
fingerprint high-grade Broken Hill-type mineralization in the Broken Hill domain, 
compositional signatures identified in this study should not be used indiscriminately 
in the search for other types of metamorphosed massive sulfide deposits. 
Compositions of zincian spinel in other Broken Hill-type deposits and other types of 
metamorphosed massive sulfide deposits suggest that gahnite in Broken Hill-type 
deposits from different domains (i.e., Broken Hill, Australia; Broken Hill, South 
Africa) contain similar concentrations of trace elements. However, when compared 
to other types of deposits, gahnite in Broken Hill-type deposits contain similar 
amounts of Mn and Cd, higher Ti, V, Co, Ni, and Ga content, and less Cr than gahnite 
in metamorphosed sedimentary exhalative deposits, and similar amounts of Ni and 
Cd, more V, Cr, Co, and less Mn and Ga than gahnite in volcanogenic massive sulfide 
deposits (O’Brien et al., 2013b).  
1.7 Conclusions 
1.  Although gahnite is found in a variety of rocks in the Broken Hill domain, it is 
most abundant in blue quartz-gahnite lode, sillimanite gneiss, and lode pegmatite. 
Blue quartz-gahnite rock is the most common rock type spatially associated with 
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sulfides in Broken Hill-type mineralization. Gahnite had a protracted 
metamorphic history and formed during D1-D3 but particularly during D1 and D2 
associated with peak metamorphism during the Olarian orogeny. Gahnite formed 
during D3 (i.e., the retrograde metamorphic event) occurs in quartz veins that 
crosscut S1 and S2, and as euhedral inclusion-free grains that overgrew micas that 
define S1 or S2. 
 
2. Gahnite from the Broken Hill domain mostly occur within the ternary plot 
identified by Heimann et al. (2005; Fig. 8a, p. 617) for metamorphosed massive 
sulfide deposits hosted by hydrothermally altered Fe–Al-rich metasedimentary 
and metavolcanic rocks (gahnite45-85hercynite15-45spinel0-20). This composition is 
dictated, in large part, by the buffering capacity of sphalerite and pyrrhotite at the 
site of gahnite deposition over a distance of at least several meters. This would 
explain why gahnite has a major element composition in sulfide-bearing Broken 
Hill-type deposits that is essentially the same as that in Broken Hill-type deposits 
in sulfide-poor blue quartz-gahnite lode rocks. Overlapping spinel end-member 
compositions for different host rocks in the Broken Hill domain (i.e., gahnite, 
hercynite and spinel sensu stricto) do not allow the major element composition to 
be used as an exploration guide to ore. 
 
3. In situ analyses of gahnite using LA-ICP-MS show elevated concentrations of 
transition elements including Li, V, Cr, Mn, Ti, Co, Ni, Ga, and Cd, which is 
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similar to the enrichment of these elements in other members of the spinel family 
(e.g., magnetite, chromite).  
 
4. A principal component analysis (using Mg, Al, V, Cr, Mn, Fe, Co, Ni, Zn, Ga, and 
Cd) and bivariate plots (i.e., Zn/Fe versus Ni+Cr+V) distinguish the composition 
of gahnite in  the Broken Hill deposit from gahnite in lode pegmatite and 
aluminous metasedimentary rocks, which are generally enriched in Ni, Cr, and V.  
 
5. Bivariate plots of  Zn/Fe = 2 to 4 with trace element compositions of Co = 10-110 
ppm, Ga = 110-400 ppm, and  Mn = 500-2,250 ppm, as well as  Co = 25-100 ppm 
versus Ga = 125-375 ppm show that gahnite from the Broken Hill deposit has a 
relatively restricted compositional range that overlaps the composition of gahnite 
from several minor Broken Hill-type deposits (i.e., Globe, Flying Doctor, Henry 
George, Potosi, Champion, Stirling Hill, and Mutooroo prospects). 
 
6. Gahnite in rocks with the highest ore grades (weight % Pb+Zn) from Henry 
George, Flying Doctor, 11:30, and Zinc lode at the North mine deposits have 
compositions that plot within the field of gahnite from the Broken Hill deposit, 
suggesting that a combination of major and trace element chemistry may be used 
as an exploration guide for finding high-grade ore.  
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Figure. 1. Geological map of the Broken Hill domain, showing outcrops of blue 
quartz-gahnite lode and the study sites: 1. Angus-Kintore. 2. Ten Two. 3. 
Pinnacles. 4. Henry George. 5. Stirling Vale. 6. 11:30. 7. Stirling Hill. 8. 
Blokes lode. 9. Melbourne Rockwell. 10. Native Dog. 11. Broken Hill 
deposit, Zinc Corporation - A lode, B lode, and C lode. 12. North mine. 13. 
Potosi. 14. Round Hill, 15. Flying Doctor. 16. Globe. 17. Umberumberka. 
18. Tramway. 19. Wolseley. 20. Centennial. 21. Second to None. 22. Nine 
Mile. 23. Champion. 24. Lower Maybell. 25. Peppertree. 26. Easter Gift. 
27. Polygonum, Mutooroo and the Mulyungarie Antiform are located in 
South Australia, and are not shown on the map. 
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Figure 2. Stratigraphic column and ages of rocks in the Broken Hill domain (after 
Conor and Preiss, 2008). Numbers refer to stratigraphic position of study 
sites: 1. Broken Hill deposit, Blokes lode, 11:30, and Potosi. 2. Lower 
Maybell and Second to None. 3. Champion and Easter Gift. 4. Round Hill 
and Globe. 5. Melbourne Rockwell. 6. Pepper Tree. 7. Flying Doctor and 
Henry George. 8. Pinnacles, Consols, Stirling Hill, and Angus Kintore. 
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Figure. 3. Photomicrographs and slab and outcrop photographs of gahnite-bearing 
rocks from the Broken Hill domain. A. Sphalerite (Sp) and pyrrhotite (Po) 
in quartz (Qz)-gahnite (Ghn) rock, plane-polarized light, Potosi Extended. 
B. Sphalerite with lesser chalcopyrite (Ccp) and galena (Gn) mineralization 
with a gahnite halo in contact with quartz, Henry George. C. Gahnite 
rimmed by garnet (Grt) among sphalerite-bearing mineralization, plane-
polarized light, Zinc lode, North mine. D. Outcropping blue-quartz-gahnite 
lode rocks, Round Hill. E. Blue quartz-gahnite lode with minor ilmenite 
(Ilm) and biotite (Bt), plane-polarized light, Round Hill. F. Gahnite replaced 
by chlorite (Chl), sericite (Ser), and enveloped by sphalerite, plane-
polarized light, Potosi North. G. Gahnite in a quartz matrix replaced by 
staurolite (St) and rimmed by sericite, plane-polarized light, Stirling Hill. 
H. Intergrowth of garnet, gahnite, biotite, quartz, and disseminated 
pyrrhotite, chalcopyrite, and ilmenite, plane-polarized light, 11:30. Mineral 
abbreviations used are from Whitney and Evans (2010).  
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Figure 4. Photomicrographs of gahnite-bearing rocks from the Broken Hill domain. 
A. S-shaped inclusions trails (defined by ilmenite (Ilm), biotite, and quartz) 
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in gahnite (Ghn) in a biotite (Bt)-quartz (Qz) matrix; monazite (Mnz) 
inclusions abound in biotite, plane-polarized light, 11:30. B. Gahnite with 
quartz inclusion-rich core and relatively inclusion-free rim, surrounded by 
muscovite (Ms), biotite with abundant monazite or zircon inclusions, 
ilmenite (Ilm) and quartz, plane-polarized light, 11:30. C. Sillimanite (Sil) 
overgrown by gahnite in quartz with minor biotite and ilmenite, plane-
polarized light, Zinc lode at the North mine. D. Gahnite with magnetite 
(Mag) exsolution mantled by plagioclase (Pl) and surrounded by secondary 
muscovite (Ms), chlorite (Chl), and sericite (Ser) in quartz, plane-polarized 
light, Ten Two. E. Same view as photomicrograph D., cross-polarized 
light, Ten Two. F. Gahnite with zones of exsolved magnetite surrounded 
by monazite (Mnz), muscovite and sericite in a quartz-feldspar (Fsp) 
matrix. Note the thin inclusion-free gahnite rim on the inclusion-filled core 
plane-polarized light, Ten Two. G. Incipient intergrowth of gahnite and 
garnet (Grt) with minor biotite in gahnite-lode rock Mulyungarie Antiform, 
South Australia. H. Euhedral D3 gahnite with sericite intergrowths in a 
quartz-sericite rock with minor biotite and chlorite, which formed during 
retrograde metamorphism, plane-polarized light, Potosi. 
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Figure 5. Ternary plot of gahnite compositions (red dots) from various locations in 
the Broken Hill domain in terms of the gahnite-hercynite-spinel sensu 
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stricto spinel end-members. Numbers correspond to compositional ranges 
of gahnite from different geological settings as defined by Heimann et al 
(2005).  1. Marbles. 2. Metamorphosed massive sulfide deposits and S-
poor rocks in Mg-Ca-Al alteration zones. 3. Metamorphosed massive 
sulfide deposits in altered Fe-Al metasedimentary and metavolcanic 
rocks. 4. Metabauxites. 5. Pegmatites, 6. Unaltered and hydrothermally 
altered Fe-Al-rich metasedimentary and metavolcanic rocks. 7. Al-rich 
granulites. The number of analyses obtained from each location is given 
in brackets.  
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Figure 6. Compositions (weight % ZnO) of gahnite in gahnite-bearing rocks sampled 
from diamond drill core that intersects C lode sulfides and the surrounding 
sillimanite-rich gneiss. Dashed line at ~ 28 weight % ZnO represents the 
composition predicted by Spry and Scott (1986) for gahnite that is buffered 
by coexisting sphalerite and pyrrhotite. Also shown are the modal 
abundances of gahnite (Ghn), sillimanite (Sil), garnet (Grt), sphalerite (Sp), 
pyrrhotite (Po), and galena (Gn) in samples collected from the drill hole  
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 Figure 7. A. Score plot of the first two principal components, with the percentage of 
variance for each component noted in parentheses, using Mg, Al, V, Cr, 
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Mn, Fe, Co, Ni, Zn, Ga, and Cd contents of gahnite from the Broken Hill 
domain. Gahnite in lode pegmatite, sillimanite gneiss, the Broken Hill 
deposit, and Melbourne Rockwell prospect are highlighted by dashed 
lines. B. Loading plot showing the geometric representation of how data 
were projected onto the score plot with respect to each element. C. 
Loadings of the elements in the first two principal components. 
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Figure 8. Plot of Zn/Fe versus Ni+Cr+V showing compositions of gahnite from the 
Broken Hill domain. The compositions of gahnite from lode pegmatite, 
and sillimanite gneiss are indicated. 
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Figure 9. Trace element compositions (i.e., Cr, V, Mn, Co, Ni, Ga, Cd)  reported in ppm 
of gahnite in gahnite-bearing rocks from drill hole PPN-095 from the Henry 
George deposit plotted against assay data (weight % Pb (green), Zn (red)) and 
the modal abundance of the host rock lithology recorded from drill core 
normalized to 100%. Mineral assemblages are listed for each rock type (i.e., 
amphibole (Amp). biotite (Bt), feldspar (Fsp), garnet (Grt), sillimanite (Sil), 
sphalerite (Sp), pyrite (Py), quartz (Qz)). Gahnite in lode pegmatite, pegmatitic 
segregations and aluminous metasedimentary rocks contain >1000 ppm 
Cr+V+Ni, and are in blue, whereas gahnite which likely formed via the 
desulfidation of sphalerite is orange. Sample numbers are listed on the right 
hand of the Cd column. 
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Figure 10. Trace element compositions (i.e., Cr, V, Mn, Co, Ni, Ga, Cd)  reported in ppm 
of gahnite in gahnite-bearing rocks from drill hole NM-10783 from Zinc lode 
at the North mine plotted against assay data (weight % Pb (green), Zn (red)) 
and the modal abundance of the host rock lithology, which was recorded from 
drill core, is normalized to 100%. Dominant mineral assemblages are listed 
for each rock type (i.e., amphibole (Amp), biotite (Bt), chalcopyrite (Ccp), 
chlorite (Chl), feldspar (Fsp), gahnite (Ghn), galena (Gn), garnet (Grt), 
sillimanite (Sil), sphalerite (Sp), pyrrhotite (Po), quartz (Qz)). Gahnite in lode 
pegmatite, pegmatitic segregations, and aluminous metasedimentary rocks 
contain >1000 ppm Cr+V+Ni, and are denoted in blue, whereas gahnite which 
likely formed via the desulfidation of sphalerite is orange. Sample numbers 
are listed on the right hand of the Cd column. 
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Figure 11. Compositions of gahnite from Flying Doctor, Globe, Round Hill, Potosi, 
Zinc lode at the North mine, and Broken Hill deposit in a series of 
bivariate plots. A. Ga (ppm) vs. Co (ppm). B. Zn/Fe vs. Co (ppm). C. 
Zn/Fe vs. Mn (ppm). D. Zn/Fe vs. Ga (ppm). Gahnite from lode 
pegmatite, pegmatitic segregations, and sillimanite gneiss is not included 
in this plot. A compositional field for gahnite from the Broken Hill 
deposit is shown as a density ellipse (σ = 0.68).  
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Figure 12. Compositions of gahnite from 11:30, Henry George, Stirling Hill, and the 
Broken Hill deposit in a series of bivariate plots. A. Ga (ppm) vs. Co 
(ppm). B. Zn/Fe vs. Co (ppm). C. Zn/Fe vs. Mn (ppm). D. Zn/Fe vs. Ga 
(ppm). Gahnite from lode pegmatite, pegmatitic segregations, and 
sillimanite gneiss is not included in this plot. A compositional field for 
gahnite from the Broken Hill deposit is shown as a density ellipse. 
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Figure 13. Compositions of gahnite from Champion, Mutooroo, Melbourne 
Rockwell, and the Broken Hill deposit in a series of bivariate plots. A. 
Ga (ppm) vs. Co (ppm). B. Zn/Fe vs. Co (ppm). C. Zn/Fe vs. Mn (ppm). 
D. Zn/Fe vs. Ga (ppm). Gahnite from lode pegmatite, pegmatitic 
segregations, and sillimanite gneiss is not included in this plot. A 
compositional field is shown for gahnite from the Broken Hill deposit is 
shown as a density ellipse. Compositional fields are circled for each of 
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the different occurrences (i.e., Berta Tank, Dingo Ridge, Emu Ridge, 
Horseshoe Ridge, and Tom’s Dam) surrounding Mutooroo in Figures A 
and C. The number of analyses (n) are shown. 
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Figure 14. Compositions of gahnite from 11:30, Flying Doctor, Henry George, and 
Zinc lode at the North mine. A. Ga (ppm) vs. Co (ppm). B. Zn/Fe vs. Co 
(ppm). C. Zn/Fe vs. Mn (ppm). D. Zn/Fe vs. Ga (ppm). Gahnite in minor 
Broken Hill-type deposits are color-coded with the associated ore grade 
of their host rocks are plotted against compositions and the compositional 
field of gahnite in the Broken Hill deposit. 
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Figure 15. Schreinemakers’ analysis of the system Zn-Fe-Al-Si-S-O in fO2-fS2 space 
(modified after Spry and Scott, 1986). The color codes show the stable 
assemblages for each location. 
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Abstract 
 Various studies have focused on evaluating variability in the major-trace 
element chemistry of minerals associated with metallic mineral deposits or diamond-
bearing kimberlites as exploration guides. The chemistry of gahnite has previously 
been proposed as an exploration guide to Broken Hill-type Pb-Zn-Ag mineralization 
in the Broken Hill domain, Australia, with the development of a series of 
discrimination plots to compare the composition of gahnite from the supergiant 
Broken Hill deposit with those in occurrences of minor Broken Hill-type 
mineralization.  
 Here, the performance of random forests, a relatively new statistical technique, 
is used to classify mineral chemistry using a database (n = 533) of gahnite 
compositions (i.e., Mg, Al, V, Cr, Mn, Fe, Co, Ni, Zn, Ga, and Cd) from the Broken 
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Hill deposit and eleven minor Broken Hill-type deposits in the Broken Hill domain. 
This statistical method has yet to be applied to geological problems involving mineral 
chemistry. Random forests provide a framework for classification and decision 
making through a series of classification trees, which individually, resemble 
classification keys. Gahnite from the Broken Hill domain is classified here on the basis 
of the following schemes: 1. Random forest 1 (RF1): gahnite in the Broken Hill 
deposit versus compositions of gahnite from other minor Broken Hill-type 
occurrences in the Broken Hill domain; 2. Random forest 2 (RF2): gahnite in the 
Broken Hill deposit versus gahnite in minor Broken Hill-type deposits containing > 
0.25  million tonnes (Mt) of Pb-Zn-Ag mineralization versus gahnite in sulfide-free 
and sulfide-poor prospects containing < 0.25 Mt; and 3. Random forest 3 (RF3): 
gahnite in sulfide-bearing quartz-gahnite lode rocks versus gahnite in sulfide-free 
samples. Misclassification rates, according to a ten-fold cross validation, of RF1, RF2, 
and RF3 are 1.6, 3.3, and 4.7% respectively. Results of this study suggest random 
forests work well in classification problems involving mineral chemistry, and may 
prove useful in the exploration for Broken Hill-type and other types of metallic 
mineral deposits. 
2.1 Introduction 
The presence and composition of aluminous minerals and ferromagnesian 
silicates (e.g., garnet, tourmaline, biotite, chlorite, staurolite, cordierite, and 
amphibole) have long been used in the search for metamorphosed massive sulfide 
deposits (Nesbitt and Kelly, 1980; Nesbitt, 1982; 1986a; b; Spry and Scott, 1986; 
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Bryndzia and Scott, 1987), and have led to mixed success with regards to finding 
new ore deposits. By contrast, mining companies have had considerable success in 
using the major and trace element composition of in situ or detrital indicator minerals 
such as chromite, garnet, and Cr-diopside in the search for diamonds (e.g., Griffin 
and Ryan, 1995; Griffin et al., 1997; Quirt, 2004). Such success, along with the 
ability, since the early-1990s (e.g., Jackson et al., 1992; Sylvester, 2001; Sylvester, 
2008) to collect large amounts of high precision trace element data via in situ laser 
ablation-inductively coupled plasma-mass spectrometry (LA-ICP-MS) have led to a 
significant increase in the number of trace element studies of minerals (e.g., garnet, 
magnetite, chromite, gahnite), which can be used (e.g., Dupuis and Beaudoin, 2011, 
Heimann et al., 2011; O’Brien et al., 2012) in the search for various types of ore 
deposits. Trace element studies of garnet (Spry et al., 2007; Heimann et al., 2011), 
gahnite (e.g., O’Brien et al., 2012, 2013; Layton-Mathews et al., 2013), and 
tourmaline (e.g., Griffin et al., 1996) have specifically been used to explore for 
metamorphosed massive sulfide deposits, including Broken Hill-type deposits.  
The chemistry of gahnite has been evaluated as a guide to Broken Hill-type 
mineralization because blue quartz-gahnite rocks are spatially related to sulfides in 
the supergiant Broken Hill Pb-Zn-Ag deposit (Dewar, 1968; Forwood, 1968; 
Walters et al., 2001; Spry et al., 2003) and smaller Broken Hill-type deposits in the 
Broken Hill domain, New South Wales, Australia. Gahnite (AB2O4) contains  Zn2+, 
Fe2+, Mg2+, and minor amounts of Mn2+ in the tetrahedral site (A), where Zn > (Fe 
+ Mg), and Al3+ and trace Fe3+ in the octahedral site (B). An unpublished proprietary 
study by Broken Hill Proprietary Limited in the 1980s used the major element 
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chemistry (i.e., Fe, Mg, Zn, Mn, and Al) of gahnite (n = > 3,000) from gahnite-
bearing rocks in the Broken Hill domain and elsewhere to develop discrimination 
diagrams to distinguish among metal-barren gahnite horizons, small prospects, and 
economic deposits (Walters et al., 2001). Also using major elements (Zn, Fe, and 
Mg) as components in a ternary diagram,  Spry and Scott (1986) and Heimann et al. 
(2005) plotted compositions of gahnite from over one hundred locations worldwide, 
including Broken Hill-type deposits, and determined compositional fields for zinc-
bearing spinels in marbles, S-poor rocks in Mg-Ca-Al alteration zones, 
metamorphosed massive sulfide deposits in Fe-Al metasedimentary and 
metavolcanic rocks, metabauxites, granitic pegmatites, unaltered Fe-Al-rich 
metasedimentary and metavolcanic rocks, and Al-rich granulite.  
Although the major element chemistry of zincian spinels can be used to 
distinguish among geological host settings, Spry et al. (2003) showed, using 
bivariate and ternary plots, that the major element composition of gahnite in the 
Broken Hill deposit overlaps that for gahnite in minor Broken Hill-type deposits and 
sulfide-free gahnite lode rocks. As a consequence, O’Brien et al. (2012) used a 
combination of major and trace elements (i.e., Mn, V, Cr, Co, and Cd), which were 
obtained by electron probe and LA-ICP-MS analyses, to develop a series of bivariate 
plots (e.g., Co versus Ga; and Zn/Fe versus Co, Mn, and Ga; Fig. 1A-D) that 
characterize a compositional fingerprint for gahnite associated with high-grade 
Broken Hill-type mineralization in the Broken Hill domain. Gahnite in rocks with 
the highest ore grades (weight % Pb + Zn) from some minor Broken Hill-type 
deposits plot within the compositional field for gahnite from the Broken Hill deposit, 
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and were considered by O’Brien et al. (2012) as deposits that should be considered 
for further exploration.  
  The development of chemical fingerprints from graphical representation of 
data (e.g., bivariate, ternary plots) is complicated by the somewhat scattered nature 
of trace element datasets, which can be caused by various factors including changing 
physicochemical conditions (i.e., temperature, pressure, fO2, fS2, fH2O) during 
mineral growth, partitioning of elements between minerals, crystal-chemical 
controls of the major element chemistry of gahnite, the chemistry of precursor 
minerals consumed during mineral growth, and compositional zoning. Such 
scattering of data in bivariate plots is shown, for example, for the composition of 
magnetite (e.g., Dupuis and Beaudoin, 2011; Figure 6), garnet (e.g., Heimann et al., 
2011, Fig. 10), and gahnite (e.g., O’Brien et al., 2012). Furthermore, two- and three-
component projections only allow for characterization of mineral chemistry on the 
basis of selected elements, while ignoring others. Therefore, development of 
methods capable of classifying minerals on the basis of their complete chemical 
composition (major and trace elements) and resolving a signal in “noisy” datasets 
remains critical to improving data analysis and interpretation. 
Multivariate statistical techniques, such as principal component analysis, 
linear and quadratic discriminant function analysis, and correlation and regression 
trees offer promising ways to recognize signals within geochemical datasets because 
of their ability to characterize observational units on the basis of several variables 
(e.g., elements), and to resolve underlying structures within large datasets (see 
summaries of these methods in Davis (2002)) (Table 1). Although studies applying 
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these techniques to the composition of minerals are limited in number, they are 
generally successful in distinguishing chemical signatures from large sets of data. 
Discriminant function analysis was tested by Clarke et al. (1989) on the 
composition (major, trace, and boron isotopes) of tourmaline as a way to distinguish 
compositions of tourmaline in mineralized rocks from those that were not spatially 
associated with known mineralization. This technique has also been used on 
lithogeochemical datasets, with applications including the definition of trace 
element halos surrounding known massive sulfide mineralization (e.g., Whitehead 
and Govett, 1974), correlation of volcanic tephra (i.e., Stokes et al., 1992), and the 
discrimination of geochemical signatures in sedimentary rocks to determine the 
provenance of sedimentary units (i.e., Roser and Korsch, 1988). 
  A principal component analysis of the major-trace element composition of 
gahnite in the Broken Hill domain, Australia, by O’Brien et al. (2012) was able to 
distinguish among gahnite in different geological host settings (e.g., quartz veins 
and lode pegmatite, sillimanite gneiss, quartz lode rocks) (Fig. 2). However, despite 
this chemical distinction, principal component analysis showed overlap among the 
major-trace element compositions of gahnite in the Broken Hill deposit, gahnite in 
small Broken Hill-type deposits, and gahnite in relatively sulfide-free occurrences, 
which limited the potential of gahnite chemistry as an exploration guide to Broken 
Hill-type mineralization. 
Correlation and regression trees, multivariate adaptive regression splines, 
and nearest-neighbor analysis were able to distinguish compositions of chromite in 
kimberlites, lamproites, ultramafic lamprophyres, and crustal sources, and have been 
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used in exploration for diamond-bearing kimberlites (Griffin et al., 1997). Using 
correlation and regression trees on a database of apatite chemistry (major and trace), 
Belousova et al. (2002) were able to resolve compositional signatures of apatite in a 
variety of host rocks (e.g., granitoids, granite pegmatite, larvikite, iron ore deposits)  
Random forest methodology, a relatively new statistical technique developed 
by Breiman (2001a), is an extension of classification and regression tree 
methodology (Breiman et al., 1984) that provides a framework for classification, 
prediction, and decision making by aggregating results from a randomly generated 
forest of classification or regression trees. Individual trees within a random forest 
comprise a series of hierarchical decision nodes, which resemble decision trees or 
classification keys, and are used to classify cases based on their attributes (Breiman 
et al., 1984). Despite application in the fields of ecology (e.g., Pal, 2005; De’ath, 
2007), neuroscience (e.g., Granitto, 2007), bacterial source tracking (e.g., Smith et 
al., 2010), and machine learning (e.g., Breiman, 2001a), random forests have rarely 
been used in the geosciences. Exceptions include, for example, the studies of 
Francke et al. (2008) to estimate suspended sediment concentrations and Kuhnert et 
al. (2010) to predict gully erosion using remote sensing data. Random forests have 
yet to be applied to geological problems involving mineral chemistry, which may 
include the identification of chemical fingerprints for minerals in different 
geological settings (e.g., provenance studies), and uses in the exploration for 
metallic mineral deposits.  
Relative to other statistical methods, including principal component analysis, 
random forests are advantageous because of their ability to: 1. Find signals in 
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“noisy” data bases; 2. Accommodate many predictor variables (e.g., elements, 
deposit types); 3. Efficiently handle large data bases; 4. Use categorical data; and 5. 
Run new data through previously generated forests to generate classifications or 
predictions (Breiman, 2001a; Breiman and Cutler, 2004).  
In this contribution, we evaluate the effectiveness of random forests for 
identifying Broken Hill-type Pb-Zn-Ag mineralization from the major-trace element 
chemistry (i.e., Mg, Al, V, Cr, Mn, Fe, Co, Ni, Zn, Ga, and Cd) of gahnite. 
Specifically, random forests are applied to the dataset of O’Brien et al. (2012) to 
distinguish between the compositions of gahnite from the Broken Hill deposit and 
the compositions of gahnite in ten minor Broken Hill-type deposits. Gahnite from 
the  Broken Hill domain (n = 533) is classified here on the basis of the following 
schemes: 1. Random forest 1 (RF1): a two-category classification of gahnite in the 
Broken Hill deposit versus compositions of gahnite from other minor Broken Hill-
type occurrences in the Broken Hill domain; 2. Random forest 2 (RF2): a three-
category classification of gahnite in the Broken Hill deposit versus gahnite in minor 
Broken Hill-type deposits containing > 0.25  million tonnes (Mt) of Pb-Zn-Ag 
mineralization versus gahnite in sulfide-free and sulfide-poor prospects containing 
< 0.25 Mt; and 3. Random forest 3 (RF3): a two-category classification of gahnite 
in sulfide-bearing quartz-gahnite lode rocks (samples containing > 1 volume % 
sulfides) versus gahnite in sulfide-poor samples containing < 1 volume % sulfides. 
The success of random forests in the classification of gahnite composition from the 
Broken Hill deposit versus that in minor deposits (RF1) will be compared to results 
obtained from a linear discriminant analysis for the same classification scheme. 
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2.1 REGIONAL GEOLOGY 
 Broken Hill-type Pb-Zn-Ag mineralization in the Broken Hill domain, 
including the supergiant Broken Hill deposit (280 Mt at 10% Pb, 8.5% Zn, and 148 
g/t Ag), is spatially associated with a group of rocks known as “lode horizon” that 
include blue quartz-gahnite, quartz garnetite, and lode pegmatite (Johnson and 
Klingner, 1975) (Fig. 3). Of these rock types, the first two are most commonly 
associated with the Broken Hill deposit. This deposit and hundreds of minor Broken 
Hill-type deposits, which range from sulfide-poor deposits to the 14 Mt Pinnacles 
Pb-Zn-Ag deposit, occur in the Willyama Supergroup (1710 to 1640 Ma), a 
sequence of Paleoproterozoic metasedimentary, metavolcanic, and metaintrusive 
rocks (Willis et al., 1983; Barnes, 1988; Parr, 1993). Rocks in the Broken Hill 
domain were regionally metamorphosed to the granulite faces (740° to 800° C and 
5 to 6 kbar) and affected by four deformational events (denoted as D1, D2, D3 and 
D4) related to two metamorphic events, the Olarian (M1; D1, D2, D3, ~1,600-1,590 
Ma) and Delamerian (M2) orogenies (D4  ~520-458 Ma) (Phillips, 1980; Page and 
Laing, 1992; Page et al., 2005; Frost et al., 2005; Forbes et al., 2005). Information 
regarding the size, grade, and geology of the deposits studied here is in Table 2. 
Gahnite is most abundant in blue quartz-gahnite lode rocks, which generally 
occur as 1-2 m wide, discontinuous horizons that are concordant to the primary 
bedding of their host (typically aluminous metasedimentary rocks), and outcrop 
intermittently (from centimeters to hundreds of meters in length) for over 330 km in 
the Broken Hill domain (e.g., Barnes et al., 1983; Barnes, 1988; Burton, 1994). The 
protolith of quartz-gahnite lode rocks is likely to have formed by the exhalation or 
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inhalation of silica-saturated zinc-bearing fluids from submarine hydrothermal vents 
(Spry and Scott, 1986; Spry et al., 2000). Gahnite also occurs in aluminous 
metasedimentary rocks (i.e., pelitic-psammopelitic schists), quartz veins, massive 
sulfides, lode pegmatite, tourmalinite, iron formation, quartz-feldspar-garnet 
(Potosi) gneiss, and amphibolite (Segnit, 1961; Barnes et al., 1983; Spry and Scott, 
1986; Plimer, 1988; Slack et al., 1993). Details on the mineralogy and origin of 
gahnite-bearing rocks are given in Johnson and Klingner (1975), Barnes et al. 
(1983), Plimer (1984), Jain (1999), and O’Brien et al. (2012).  
2.3 Materials and Methods 
2.3.1 Sample Collection 
 Gahnite-bearing rocks were collected (Spry, 1978; 1984) from underground 
localities in the Broken Hill deposit (i.e., South East A lode, B lode, C lode, Western 
Longitudinal), surface outcrops at the Champion, Flying Doctor, Mutooroo, Round 
Hill, and Stirling Hill prospects, mine tailings from the Globe and Potosi prospects, 
and drill holes from 11:30, Flying Doctor, Henry George, and the Zinc lode at the 
North mine (Fig. 3). 
2.3.2 Analytical Methods 
 Major element compositions of gahnite (MgO, Al2O3, SiO2, TiO2, MnO, 
FeO, ZnO) were measured using a JEOL 8900 Electron Probe Microanalyzer at the 
University of Minnesota under the following operating conditions: accelerating 
voltage of 15 kV, a beam current of 20 nA, a spot size of 1-2 μm, and using gahnite 
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(Zn, Al), pyrope (Si, Mg), hornblende (Ti), ilmenite (Fe), and spessartine (Mn) as 
mineral standards. The beam time for analysis was 20 seconds on peaks and 10 
seconds on backgrounds.   
 Concentrations of 52 elements were measured at the Geological Survey of 
Canada (Ottawa) using a LA-ICP-MS, comprising a Photon Machines “Analyte 
193” excimer (Ar-F) laser ablation system coupled to an Agilent 7700 Series ICP-
MS, fitted with an additional second rotary interface pump that approximately 
doubles instrument sensitivity. Analyses were calibrated using an external standard, 
GSD-1G, a synthetic glass reference standard (USGS), and values of Al2O3 from 
EPMA analysis were used for internal standardization.  GSD-1G was analyzed twice 
every 12-15 analyses of unknown samples to correct for instrument sensitivity drift. 
Analytical precision and accuracy were tested by analyzing reference material BCR-
2G repeatedly throughout the day, under operating conditions identical to that used 
during routine gahnite analyses. 
2.3.3 Data Classification 
 O’Brien et al. (2012) were able to distinguish the compositions of gahnite in 
lode pegmatite, quartz veins, and aluminous metasedimentary rocks from those in 
blue quartz-gahnite lode rocks using a principal component analysis and a scatter 
plot of Zn/Fe versus Ni+Cr+V. The current study extends the statistical part of 
O’Brien et al.’s (2012) study by attempting to distinguish the compositions of 
gahnite (n = 533) in sulfide-bearing rocks from those in sulfide-poor, and sulfide-
free quartz-gahnite lode rocks. Prior to the creation of random forests, samples were 
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classified on the basis of the following criteria: 1. Gahnite in the Broken Hill deposit 
(South East A lode, B lode, C lode, Western Longitudinal); 2. Gahnite in minor 
Broken Hill-type occurrences (i.e., Champion, 11:30, Flying Doctor, Globe, 
Melbourne Rockwell, Mutooroo, Potosi, Round Hill, Stirling Hill, the Zinc lode at 
the North mine); 3. Gahnite in deposits known to contain more than 0.25 Mt of 
sulfide ore (i.e., Potosi (1.6 Mt), Flying Doctor (1.5 Mt), Henry George (1.3 Mt), 
and Zinc Lode at North mine (1.0 Mt)); 4. Gahnite in relatively sulfide-poor and 
sulfide-free deposits that contain a known tonnage of less than 0.25 Mt of sulfides 
(i.e., 11:30 (0.20 Mt), Globe (~2,685 t), Melbourne Rockwell (589 t), Round Hill 
(15 t), Stirling Hill (5 t), Mutooroo (no known tonnage), and Champion (no known 
tonnage)); and 5. The presence or absence of sulfides in gahnite rocks. Estimated 
sizes of the deposits studied here were obtained from Johnson and Klingner (1975) 
and unpublished reports of Perilya Limited. Although the Zinc lode at the North 
mine is part of the Broken Hill deposit, it was classified here as a minor Broken Hill-
type occurrence because of its distal location to the northern end of the line of lode, 
and because not all gahnite occurs in sulfides or blue quartz-gahnite lode rocks. 
Instead, much of the gahnite occurs in sillimanite gneisses surrounding massive 
sulfides. The presence or absence (i.e., < 1% volume) of sulfides was determined by 
petrographic studies and the hand sample mineralogy of each sample. 
2.3.4  Pretreatment of Compositional Data 
 Gahnite compositions (consisting of measurements of M=11 variables: Mg, 
Al, V, Cr, Mn, Fe, Co, Ni, Zn, Ga, and Cd) were transformed with CoDaPack 
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version 2.01.13 to centered log ratio values as follows.  Let xij be the ith 
observation of the jth variable, and let yij = ln(xij). Then the centered log ratio 
value for xij is 
𝑐𝑙𝑟(𝑥𝑖𝑗) = 𝑦𝑖𝑗 − ?̅?𝑖 where ?̅?𝑖 =
1
𝑀
∑ 𝑦𝑖𝑗
𝑀
𝑗=1 .  
This centered log ratio transformation is equivalent to computing the natural log of 
the ratio xij divided by the geometric mean of xi1,...,xiM.; this is a standard 
transformation for compositional data (Aitchison, 1986; Comas-Cufí and Thió-
Henestrosa, 2011). 
2.4 Random Forest Construction and Classification 
 Random forests were created as described by Breiman (2001a) using the R 
(The R Core Team, 2012) package randomForest (Liaw and Wiener, 2002). The 
process of forest generation and classification in the context of our study begins with 
a data set of n training cases. Each training case is associated with a class label (e.g., 
gahnite in the Broken Hill deposit versus gahnite in minor Broken Hill-type 
occurrences) and a measurement for each of M predictor variables (in our study, a 
centered log-ratio value for Mg, Al, V, Cr, Mn, Fe, Co, Ni, Zn, Ga, and Cd). 
Construction of an individual decision tree in the forest starts with a bootstrap 
sample of the n training cases. To produce a bootstrap sample, n draws are made 
from the n training cases, where any given case is selected with probability 1/n in 
each draw. A particular training case may appear once, multiple times, or not at all 
in any given bootstrap sample. The set of training cases that appear at least once in  
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a particular bootstrap sample are referred to as "in bag" cases whereas those absent 
from the bootstrap sample are known as "out of bag" cases. 
 Once a bootstrap sample of training cases is obtained, tree construction 
proceeds as illustrated in the schematic diagram of Figure 4, which shows a partially 
completed classification tree for a two-category classification of gahnite in the 
Broken Hill deposit versus gahnite in minor Broken Hill-type occurrences. The root 
node of the tree is assigned a subset of all M=11 predictor variables that are 
randomly selected from the total M input variables (i.e., centered log-ratio value for 
Mg, Al, V, Cr, Mn, Fe, Co, Ni, Zn, Ga, and Cd). The number of variables selected 
in subset M is set to be approximately the square root of the M (Breiman, 2002); 
therefore, three of eleven variables from the present study were randomly selected. 
The subset of M predictor variables is assessed for the best possible split of cases 
into two subnodes that will maximize the class purity of the cases within each 
subnode. A split is defined by a predictor variable and a value of that predictor 
variable. Cases with a value of the predictor variable less than or equal to the split 
value go into the left subnode whereas cases with a value of the predictor variable 
greater than the split value go into the right subnode. Subnodes are evaluated on the 
basis of their homogeneity (Fig. 4). Pure subnodes (e.g., Node 1; Fig. 4) contain 
compositions of gahnite that are all from one location (i.e., the Broken Hill deposit), 
whereas impure subnodes (e.g., Nodes 2, 3, and 4; Fig. 4) contain gahnite from 
multiple locations (i.e., the Broken Hill deposit and minor Broken Hill-type 
occurrences). Impure subnodes are again split using the same process described for 
splitting the root node: a new set of three predictor variables is randomly selected 
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from all eleven for each split, and the best split among the selected variables is 
determined. A tree is fully grown once each terminal node, or “leaf,” is pure. Each 
tree in the forest is grown using the same strategy but starting with a new bootstrap 
sample of cases from the training set. By software default, a random forest consists 
of 500 trees. Although any number of trees can be generated to constitute a random 
forest, classification results are typically stable when 500 or more trees are used.       
 To use a random forest to predict the class of a new case, the case is passed 
through each tree in the forest on the basis of it predictor variable values (gahnite 
composition data in our study) until a terminal node is reached. The class of the 
training case or cases in the terminal node provides a vote for the class of the new 
case. The class that receives more votes than any other class, when considering the 
votes from all trees in the forest, is the predicted class for the new case. 
 The accuracy of a classifier like a random forest is often assessed through 
10-fold cross-validation.  As described by Hastie et al. (2009), 10-fold cross-
validation provides an acceptable balance between bias and variance when 
estimating the probability of misclassifying a new case. To carry out 10-fold cross-
validation, the available cases are randomly partitioned into ten sets of cases, where 
each set has approximate sample size n/10. The cases in each of the ten sets are 
classified using the union of the other nine sets as the training set. The proportion of 
misclassified cases out of all cases is known as the misclassification rate. The 
misclassification rate provides an estimate of the probability of misclassifying a new 
case when using all cases as training data. To further reduce the variation associated 
with the 10-fold cross-validation estimate of the probability of misclassification, we  
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conducted ten separate 10-fold cross-validations and, in the next subsection, report 
the average misclassification rate across the ten 10-fold cross-validations. 
2.5 Results 
2.5.1 Random Forest 1 
A two-category classification (RF1) of gahnite in the Broken Hill deposit 
versus gahnite in minor Broken Hill-type occurrences had an average 
misclassification rate of 2.6% across ten 10-fold cross-validations. Compositions of 
gahnite shown in Figure 5 are grouped for each Broken Hill-type deposit, and are 
plotted against their average predicted response, over ten rounds of 10-fold cross-
validation, where a value of one represents the classification of a composition from 
the Broken Hill deposit (100% of the votes across trees in a forest for the Broken 
Hill deposit class), and zero represents classification of a composition from minor 
Broken Hill-type occurrences (received 0% of the votes across trees in a forest for 
the Broken Hill deposit class). With the exception of thirteen compositions, cases 
from the Broken Hill deposit were mostly classified correctly (Table 3). One 
composition of gahnite from a minor Broken Hill-type occurrence (i.e., Henry 
George) was misclassified (i.e., had a predicted response > 0.50) as being from the 
Broken Hill deposit. Some compositions of gahnite from the 11:30, Flying Doctor, 
Henry George, Round Hill, Stirling Hill, and Zinc Lode at North mine received a 
larger proportion (e.g., > 0.2) of votes for the Broken Hill deposit than predicted 
responses of gahnite from Champion, Globe, Melbourne Rockwell, Mutooroo, and 
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Potosi, which are all below 0.2. Misclassified samples from the Broken Hill deposit 
and  samples from minor Broken Hill-type occurrences with a response > 0.2 are 
labeled, with numbers corresponding to Table 4, which lists their respective location, 
rock type, and assay values (weight % Pb; weight % Zn; Ag ppm) of its host rock. 
Although a random forest does not provide a prediction equation, the relative 
importance of any predictor can be assessed using the variable importance measure 
described by Breiman (2001b). For each tree in the forest, the out of bag cases are 
classified before and after randomly permuting the values of the predictor variable 
(whose importance is to be assessed) for the out of bag cases. The increase in 
misclassification rate caused by permutation serves as the measure of variable 
importance for the permuted variable. Using this approach, the centered log-ratios 
for Ni and Ga were identified as the two most important variables, whereas the 
centered log-ratio for Zn was least important.     
2.5.2 Linear Discriminant Analysis 
The R function lda from the MASS R package (Venables and Ripley, 2002) 
was used to conduct a linear discriminant analysis of gahnite in the Broken Hill 
deposit versus gahnite in minor Broken Hill-type deposits (the same classification 
as RF1). The average misclassification rate over ten 10-fold cross-validations was 
0.116 (i.e. 11.6%) for linear discriminant analysis, more than four times the average 
misclassification rate for random forests. When linear discriminant analysis was 
applied to the entire training data set of 533 cases, the resulting linear discriminant 
rule for classifying cases as Broken Hill deposits was 
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0.67Mg - 1.30Fe + 1.12Zn - 0.96Al + 0.20V + 
0.48Cr - 0.45Co + 1.02Mn + 0.08Ni + 2.62Ga ≥  -7.34 
where Mg, Fe, Zn, Al, V, Cr, Co, Mn, Ni, and Ga represent the centered log-ratio 
values for the eleven elements. 
2.5.3 Random Forest 2 
A three-category classification (RF2) of gahnite in the Broken Hill deposit 
versus gahnite in minor Broken Hill-type deposits containing > 0.25 Mt sulfides 
versus gahnite in sulfide-poor and sulfide-free prospects containing < 0.25 Mt 
sulfides had a misclassification rate of 3.3% according to a ten-fold cross validation. 
Figure 6 shows the probabilities for each of the three classes assigned by the random 
forest to all cases. Three compositions of gahnite from the Broken Hill deposit were 
misclassified as gahnite in minor Broken Hill type occurrences containing > 0.25 
Mt, whereas two others were misclassified as being from sulfide-poor occurrences 
(Table 3). No compositions from the last two groups were misclassified as being 
from the Broken Hill deposit. Some gahnite compositions from some sulfide-poor 
occurrences (i.e., Stirling Hill, Mutooroo, and Round Hill) were classified as having 
been derived from deposits that contain > 0.25 Mt, whereas three compositions from 
deposits containing > 0.25 Mt of sulfide mineralization (i.e., Potosi) were 
misclassified as gahnite in a sulfide-poor occurrence. Compositions from 11:30, 
Stirling Hill, and Round Hill received probabilities that ranged between 0.2 and 0.5 
for the Broken Hill deposit. 
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2.5.4 Random Forest 3 
A two-category classification (RF3) of gahnite in rocks containing > 1 
volume percent sulfides versus those in rocks containing only trace amounts of 
sulfide or no visible sulfides had an average misclassification rate of 4.7% according 
to a ten-fold cross validation (Fig. 7). Misclassifications were confined to 
compositions of gahnite in rocks containing sulfides, which include those from the 
Broken Hill deposit, 11:30, Flying Doctor, Henry George, and the Zinc lode at the 
North mine (Table 3). Compositions of gahnite in sulfide-poor rocks received an 
average predicted response ranging between 0.2 and 0.5, which include those from 
11:30, Henry George, Mutooroo, Stirling Hill, and some from the main Broken Hill 
deposit and the Zinc Lode at the North mine.  
2.6 DISCUSSION 
 Linear discriminant analysis was compared to random forests (i.e., RF1) 
because of its previous success classifying mineral compositions (e.g., Clarke et al., 
1989) and lithogeochemical datasets (e.g., Stokes et al., 1992). Linear discriminant 
analysis and random forests were used to distinguish compositions of gahnite in the 
Broken Hill deposit from those in minor Broken Hill-type occurrences, and yielded 
misclassification rates of 11.6 and 2.6%, respectively. Therefore, even though both 
techniques successfully classified compositions of gahnite, predictions by random 
forests were more accurate than linear discriminant analysis as indicated by the 
misclassification rates. 
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 According to misclassification rates determined by a ten-fold cross 
validation, random forests accurately classified gahnite chemistry for all three 
classification schemes: RF1, RF2, and RF3, which yield misclassification rates of 
2.6, 3.3, and 4.7%, respectively. Because compositions may be classified using 
previously grown forests, the success of these forests is crucial to their future 
application (Breiman, 2001a; Breiman and Cutler, 2004).  
 Unlike principal component analysis (O’Brien et al., 2012), RF1 was able to 
distinguish compositions of gahnite in the Broken Hill deposit from those in the 
minor Broken Hill-type occurrences (Fig. 5). One gahnite from minor Broken Hill-
type occurrences (#13) was misclassified as being from the Broken Hill deposit. 
However, this sample from the Henry George deposit occurs in a 1-m wide zone of 
high-grade sulfides (18.57 weight % Zn; 14.05 weight % Pb; 156 ppm Ag). 
Compositions from minor Broken Hill-type occurrences that have predicted 
responses between 0.2 and 0.5 (i.e., 11:30, Flying Doctor, Henry George, Round 
Hill, Stirling Hill, and Zinc Lode at North mine) are mostly from sulfide-bearing 
rocks (e.g., Table 4) and deposits ~1 Mt in size (i.e., Flying Doctor, Henry George, 
the Zinc lode at North mine). However, 11:30, Round Hill, and Stirling Hill are 
comparatively smaller, containing an estimated 0.2 Mt, 15 t, and 5 t of known sulfide 
ore, respectively. Compositions of gahnite from 11:30 receiving predicted responses 
between 0.2 and 0.5 and were associated with sulfides, whereas the assay values and 
the proximity of gahnite-bearing rocks to sulfides at the Round Hill and Stirling Hill 
deposits are unknown, because samples were collected from tailings piles 
surrounding historic mine workings rather than drill core. The composition of 
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gahnite from the Henry George deposit was classified as being from the Broken Hill 
deposit, which suggests that the area surrounding the Henry George deposit may be 
a prospective target for further exploration. Compositions of gahnite from 11:30, 
Henry George, Round Hill, Stirling Hill, and the Zinc Lode at the North Mine 
received predicted responses ranging from 0.2 and 0.5, and although they were not 
classified as gahnite in the Broken Hill deposit, their elevated predicted response 
suggest gahnite from these deposits may share compositional similarities with 
gahnite from the Broken Hill deposit. Additionally, compositions with predicted 
responses between 0.2 and 0.5 are mostly for gahnite associated with sulfides, which 
suggests they should also be considered a target for future exploration. 
  Results of RF1 show compositions of gahnite from the Champion, Globe, 
Melbourne Rockwell, Mutooroo, and Potosi deposits received predicted responses 
< 0.2. Most of these deposits are small (i.e., Globe, Melbourne Rockwell) or the 
tonnages are unknown (i.e., Champion, Mutooroo). However, the Potosi deposit 
contains an estimated 1.6 Mt of sulfide ore. Low predicted responses of Potosi 
gahnite compositions may be due to the samples being collected from mine tailings 
adjacent to the Potosi Pit, rather than being collected in situ (i.e., the spatial 
relationship to sulfides is unknown). Alternatively, low predicted responses for 
compositions of gahnite in the Potosi deposit may be related to how the deposit 
formed. According to Teale et al. (2006), highly deformed sulfides, along with 
quartz-gahnite rocks, occur in the Potosi Shear, which suggests sulfides were likely 
remobilized during prograde metamorphism. Although untested, gahnite associated  
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with remobilized sulfides may have a different compositional signature than those 
associated with non-mobilized sulfides, which may show low predicted responses. 
 Samples were classified by RF2 to test whether or not gahnite in ore bodies 
> 0.25 Mt in size can be distinguished from sulfide-free Broken Hill-type 
occurrences, because in RF1, compositions of gahnite in both minor Broken Hill-
type deposits (> 0.25 Mt) and some sulfide-free occurrences (e.g., Round Hill and 
Stirling Hill) received predicted responses ranging from 0.2 to 0.5. Additionally, in 
RF1, all compositions from the sulfide-free Champion, Melbourne Rockwell, and 
Mutooroo prospects, and the 1.6 Mt Potosi deposit, received predicted responses 
below 0.2. Therefore, RF2 was chosen to assess whether or not compositions of 
gahnite from sulfide deposits (> 0.25 Mt) can be distinguished from sulfide-free 
gahnite-bearing occurrences. Results of RF2 show gahnite compositions from the 
Potosi deposit are mostly classified as being from minor Broken Hill-type deposits 
containing ~1 Mt of Pb-Zn-Ag mineralization, with the exception of two 
compositions that are classified as sulfide-free occurrences. Compositions of gahnite 
from Round Hill and Stirling Hill are mostly classified as sulfide-free occurrences, 
with the exception of two and four compositions, respectively, which are 
misclassified as being from deposits containing > 0.25 Mt sulfides. As with RF1, 
the compositions of gahnite from 11:30, Flying Doctor, Henry George, Round Hill, 
Stirling Hill, and the Zinc Lode at the North mine received an average predicted 
response > 0.2 for the Broken Hill deposit, which further suggests compositional 
similarities between gahnite in these deposits and those in the supergiant Broken 
Hill deposit. 
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 Gahnite compositions can be classified on the basis of the presence or 
absence of sulfides using RF3. Compositions of gahnite in sulfide-free rocks that 
received an average predicted response between 0.2 and 0.5 include those from 
Broken Hill, 11:30, Henry George, Stirling Hill, Mutooroo, and the Zinc Lode at 
North mine. Although several sulfide-bearing rocks were misclassified, results 
suggest random forests can be used to predict whether or not compositions of gahnite 
are spatially associated with the presence or absence of sulfides. 
 The success of random forests may be critical to the use of gahnite 
compositions as exploration guides to sulfides elsewhere in the Broken Hill domain 
because compositions may be classified by forests grown in this study. RF1, RF2, 
and RF3 may be used by themselves or with each other, to recognize favorable 
targets for exploration on samples collected in situ, for targeted exploration, and on 
transported gahnite grains in the Broken Hill domain. Because gahnite is a resistate 
indicator mineral, it is mostly unaffected by weathering and may persist in surficial 
deposits (e.g., Morris et al., 1997; Averill, 2001; Spry and Teale, 2009) such as in 
regolith (i.e., alluvial, colluvial, and aeolian) in the Broken Hill domain (e.g., Senior 
and Hill, 2002). Although the composition of detrital gahnite has yet to be obtained 
from the Broken Hill domain, the major-trace element chemistry of gahnite may 
serve to vector towards concealed Broken Hill-type mineralization covered by 
unconsolidated sediments.  
 Successful classification of gahnite in the Broken Hill deposit from those in 
minor occurrences by random forests (RF1) suggests this technique can be used to 
predict whether or not gahnite in gahnite-bearing rocks compositionally resembles 
113  
 
 
 
gahnite in the Broken Hill deposit, and consequently, whether or not new areas are 
prospective for further exploration. Of the smaller Broken Hill prospects studied 
here, the composition of gahnite in the Henry George deposit most closely resembles 
those in the Broken Hill deposit, and therefore, should be considered a target for 
further exploration. Although compositions of gahnite in 11:30, Flying Doctor, 
Henry George, Round Hill, Stirling Hill, and the Zinc Lode at the North mine were 
not classified as being from the Broken Hill deposit, they show similarities to the 
Broken Hill deposit, and may also represent targets for further study using gahnite 
chemistry or other traditional exploration techniques. 
 Random forests created in this study should not be used indiscriminately to 
classify gahnite in other deposit types or ore fields. Although compositions of 
gahnite in other Broken Hill-type deposits from different domains (i.e., Broken Hill, 
South Africa) contain similar concentrations of trace elements, gahnite in 
sedimentary exhalative deposits and volcanogenic massive sulfide deposits are 
compositionally different (O’Brien et al., 2013; Layton-Matthews et al., 2013). 
Therefore, when used to fingerprint sulfide mineralization, random forests will 
likely be most successful when applied to exploration on a regional basis, and should 
constitute an affordable, nontraditional way to explore for metallic mineral deposits.  
2.7 Conclusions 
1. Random forests and linear discriminant analysis differentiate the 
compositions of gahnite in the Broken Hill deposit from those in minor 
Broken Hill-type occurrences (RF1); although random forests had a lower 
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misclassification rate than linear discriminant analysis. Therefore, the 
random forest is considered to be the superior statistical technique of the two 
for the purposes of compositional discrimination in the Broken Hill domain. 
2. Random forests successfully classified gahnite in the following schemes: 
RF1 (gahnite from the Broken Hill deposit versus gahnite in minor Broken 
Hill-type deposits), RF2 (gahnite from the Broken Hill deposit versus 
gahnite in deposits ~ 1 Mt versus gahnite in sulfide-poor prospects), and RF3 
(gahnite in sulfide-bearing rocks versus those in sulfide-poor rocks). This 
implies that this statistical technique, when applied to gahnite compositions, 
is useful as an exploration guide to Broken Hill-type mineralization in the 
Broken Hill domain, and has potential application for use of trace element 
compositions of other minerals (e.g., magnetite, chromite, garnet) in the 
exploration for ore deposits, in general. Now that that these three forests have 
been built, they may be used in the future for further gahnite studies 
involving the search for Broken Hill-type mineralization in the Broken Hill 
domain.  
3. Compositions of gahnite from the Henry George deposit most closely 
resemble those from the Broken Hill deposit. Additionally, gahnite in 11:30, 
Flying Doctor, Henry George, Round Hill, Stirling Hill, and the Zinc Lode 
at the North mine overlap in composition with those from Broken Hill 
deposit, and should be considered the most prospective deposits.  
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Figure 1. Bivariate plots of gahnite compositions from Flying Doctor, Globe, Round 
Hill, Potosi, Zinc lode at the North mine, and Broken Hill deposits: A. Ga 
(ppm) vs. Co (ppm), B. Zn/Fe vs. Co (ppm), C. Zn/Fe vs. Mn (ppm), D. 
Zn/Fe vs. Ga (ppm). A Compositional field for the Broken Hill deposit is 
defined as a density ellipse (σ = 0.68). Compositions of gahnite from other 
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deposits are excluded due to the large dataset size and the overlap in gahnite 
composition among minor deposits. 
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Figure 2. Score plot of the first two principal components, with the percentage of 
variance for each component noted in parentheses, using Mg, Al, V, Cr, Mn, 
Fe, Co, Ni, Zn, Ga, and Cd contents of gahnite from the Broken Hill domain. 
Gahnite in quartz-segregations or veins and lode pegmatite, sillimanite 
gneiss, and from the Broken Hill deposit and Melbourne Rockwell are 
circled. 
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Figure 3. Geological map of the Broken Hill domain, showing outcrops of blue quartz-
gahnite lode and the locations of study sites: 1. Pinnacles, 2. Henry George, 
3. 11:30, 4. Stirling Hill, 5. Melbourne Rockwell, 6. the Broken Hill deposit 
– South East A lode, B lode, C lode, Western Long., 7. Zinc lode at the North 
mine, 8. Potosi, 9. Round Hill, 10. Flying Doctor, 11. Globe, 12. Champion. 
Mutooroo is located in South Australia near the border with New South 
Wales and is not shown on the map.  
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Figure 4. An incomplete classification tree for a two-category classification of gahnite 
composition from the Broken Hill deposit versus gahnite in minor Broken 
Hill-type deposits modified after Breiman and Cutler, (2004) and Smith et 
al., (2010). Note node 1 is homogenous (contains all gahnite compositions 
from the Broken Hill deposit); whereas nodes 2, 3, and 4 are heterogeneous 
in composition (contain gahnite from the Broken Hill deposit and minor 
Broken Hill-type occurrences). 
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Figure 5. Percentage of votes by random forests for compositions of gahnite from the 
Broken Hill deposit (1) versus minor Broken Hill-type occurrences (0). 
Predictions represent an average over ten 10-fold cross-validations.  
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Figure 6. Triangular diagram of percentage of votes by random forests for compositions 
of gahnite from the Broken Hill deposit, minor Broken Hill-type deposits 
containing  > 0.25Mt, and sulfide-free occurrences < 0.25 Mt. Predictions 
were generated using a 10-fold cross-validation. 
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Figure 7. Percentage of votes by random forests for compositions of gahnite from 
sulfide-bearing rocks (1) versus sulfide-free rocks (0). Predictions were 
generated using a 10-fold cross-validation. 
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Abstract 
Gahnite occurs in and around metamorphosed massive sulfide (e.g., Broken 
Hill-type Pb-Zn-Ag (BHT), volcanogenic massive sulfide Cu-Zn-Pb-Au-Ag (VMS), 
sedimentary exhalative Pb-Zn (SEDEX)), and non-sulfide zinc (NSZ) deposits. In 
addition to occurring in situ, gahnite occurs as a resistate indicator mineral in 
unconsolidated sediments (e.g., glacial till) surrounding such deposits. The spatial 
association between gahnite and metamorphosed ore deposits has resulted in its use as 
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an empirical exploration guide to ore. Major and trace element compositions of gahnite 
from BHT, NSZ, SEDEX, and VMS deposits are used here to develop geochemical 
fingerprints for each deposit type.  
A classification tree diagram, using a combination of six discrimination 
plots, are presented here to identify the provenance of detrital gahnite in greenfield 
and brownfield terranes, which can be used as an exploration guide to 
metamorphosed massive sulfide and non-sulfide zinc deposits. The composition of 
gahnite in BHT deposits is discriminated from gahnite in SEDEX and VMS 
deposits on the basis of plots of Mg versus V, and Co versus V. Gahnite in SEDEX 
deposits can be distinguished from that in VMS deposits using plots of Co versus 
V, Mn versus Ti, and Co versus Ti. In the Sterling Hill NSZ deposit, gahnite 
contains higher concentrations of Fe3+ and Cd, and lower amounts of Al, Mg, and 
Co than gahnite in BHT, SEDEX, and VMS deposits. Plots of Co versus Cd, and 
Al versus Mg distinguish gahnite in the Sterling Hill NSZ deposit from the other 
types of deposits.  
3.1 Introduction 
Geochemical fingerprints of resistate indicator minerals allow 
explorationists to search for various types of commodities covered by recently 
deposited unconsolidated sediments (e.g., alluvium, colluvium, and glacial till). For 
example, detrital grains of gahnite have been used in the search for metamorphosed 
massive sulfide deposits concealed beneath glacial till (e.g., Morris et al., 1997; 
McClenaghan, 2005, McClenaghan et al., 2012; Hicken et al., 2013a, b). The 
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dispersal of indicator mineral suites from various ore types is well documented for 
porphyry copper deposits (e.g., apatite, magnetite, rutile, tourmaline, zircon), Ni-
Cu-PGE deposits (e.g., chromite, diopside, Cr-rich enstatite, forsterite), diamond-
bearing kimberlites (e.g., chromite, entstatite, forsterite, garnets, Mg-ilmenite, 
omphacite), and metamorphosed massive sulfide deposits (e.g., gahnite, willemite, 
franklinite, zincian staurolite) (Averill, 2001, 2007, 2011; McClenaghan and 
Kjarsgaard, 2001). However, despite the use of these indicator minerals as 
empirical guides to mineralization such minerals are also found in rocks unrelated 
to mineralization. This has led to the use of major and trace element compositions 
of minerals to further refine their use as guides in exploration or in determining 
their provenance. 
 In particular, discrimination plots using major and trace element 
compositions have been used to infer the provenance of, for example, garnet (e.g., 
Aubrecht et al., 2009; Krippner et al., 2014), rutile (e.g., Scott and Radford, 2007), 
Cr-spinel (e.g., Aubrecht et al., 2009), magnetite (e.g., Dupuis and Beaudoin, 
2011), and Zn-spinel (e.g., Spry and Scott, 1986; Heimann et al., 2005). In the case 
of garnet, the composition of the so-called “G-10” garnets, which are distinguished 
from other garnet compositions on the basis of a plot of wt. % Cr2O3 versus CaO, 
has been instrumental in exploring for diamonds (e.g., Gurney, 1984). Furthermore, 
using the trace element composition of magnetite, Dupuis and Beaudoin (2011) 
developed a series of discrimination diagrams to identify compositional differences 
for magnetite from various types of ore deposits. 
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 Although the presence of gahnite (AB2O4), where A = Zn2+, Fe2+, Mg2+, and 
lesser amounts of Mn2+, where Zn > (Fe + Mg + Mn), and B = Al3+ and to a lesser 
extent Fe3+, has long been used as an empirical exploration guide to ore (e.g., 
Sheridan and Raymond, 1984), it also occurs in a variety of sulfide-free rock types. 
Spry and Scott (1986), Heimann et al. (2005), and Spry and Teale (2009) used a 
ternary diagram, with Zn, Fe, and Mg as components, to identify compositional 
ranges for gahnite in: (1) marble, (2) granitic pegmatites, (3) metabauxites, (4) 
unaltered and hydrothermally altered Fe-Al-rich metasedimentary and 
metavolcanic rocks, (5) Al-rich granulites, and (6) metamorphosed massive sulfide 
deposits. Despite being able to distinguish gahnite compositions associated with 
sulfide-bearing deposits from those in other rock types, the use of major element 
composition of gahnite alone has its limitations as an exploration guide because the 
composition of gahnite in sulfide-rich rocks is indistinguishable from the 
composition of gahnite in sulfide-poor rocks (O’Brien et al., 2015a, b).  
In addition to gahnite occurring in situ in a variety of host rocks, it also 
occurs in unconsolidated sediments, including beach sands (e.g., Kaye and Mrose, 
1965), glacial till (e.g., Morris et al., 1997), soil (e.g., Nachtegaal et al., 2005), and 
stream sediments (e.g., Crabtree, 2003). Identification of gahnite in the heavy 
mineral fraction separates of glacial till is facilitated by its green-blue color, high 
specific gravity (G = 4.55), hardness (8 on Moh’s hardness scale), and chemical 
stability under oxidizing conditions (Morris et al., 1997; Hicken et al., 2013b). 
Morris et al. (1997) reported gahnite in glacial sediments in northwestern Ontario, 
where gahnite also occurs in situ in volcanogenic massive sulfide (VMS) (i.e., 
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Mattabi and Geco) and sedimentary exhalative (SEDEX) (i.e., Hurdman Township) 
deposits, peraluminous granites, and granitic pegmatites. Using major element 
chemistry, Morris et al. (1997) attempted to determine the provenance of gahnite 
recovered from glacial sediments. However, gahnite compositions plot within the 
metamorphosed massive sulfide field of Spry et al. (1986) in a Zn-Fe-Mg ternary 
diagram, and are unable to distinguish detrital gahnite derived from VMS deposits 
from those spatially associated with SEDEX deposits (Morris et al., 1997).  
 Recent studies by O’Brien et al. (2013, 2015a, b) utilized the trace element 
composition of gahnite (in conjunction with major elements), measured using laser 
ablation-inductively coupled plasma-mass spectrometry (LA-ICP-MS), as a 
potential exploration guide to Broken Hill-type (BHT) Pb-Zn-Ag deposits in the 
Broken Hill domain, Australia. They noted that variability in the trace element 
composition of gahnite was a function of different physicochemical conditions 
during gahnite growth, whole-rock geochemistry, pre-metamorphic alteration, and 
the chemistry of precursor minerals. Like other members of the spinel group (e.g., 
magnetite and chromite), the trace element chemistry of gahnite is dominated by 
the first series transition metals (i.e., Ti, V, Cr, Mn, Co, Ni), Ga, and Cd (Pagé and 
Barnes, 2009; Nehring et al., 2010; Dupuis and Beaudoin, 2011; Nadoll et al., 
2012). No trace element compositions of gahnite from other metamorphosed 
massive sulfide deposits (e.g., SEDEX, VMS, metamorphosed Mississippi Valley-
type, and non-sulfide zinc (NSZ) deposits) have previously been obtained  
The primary objective of this study is to show how a series of compositional 
discrimination plots, presented as a  tree diagram,  can be used to distinguish the 
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composition of gahnite among the following deposit types: BHT (i.e., Broken Hill, 
Australia; Broken Hill, South Africa; Melbourne Rockwell, Australia; and 
Mutooroo, Australia), VMS  (i.e., Mamandur, India; several small Proterozoic Cu-
Zn deposits, Colorado (i.e., Bon Ton, Caprock, Cotopaxi, Independence, and 
Sedalia)), SEDEX  (i.e., Angas, Australia; Foster River, Saskatchewan), and NSZ 
(Sterling Hill, New Jersey) (Fig. 1). We also analyzed gahnite from the Bleikvassli 
Zn-Pb-(Cu) deposit, Norway, and the Stollberg Zn-Pb-Ag + magnetite deposits, 
Sweden. It is noted here that some researchers consider Bleikvassli to be a SEDEX 
deposit (Skauli, 1992, 1993; Cook et al., 1998; Lockington et al., 2014). However, 
studies by Larsen et al. (1997) and Bjerkgård (1999) suggest the prominent 
microcline gneiss stratigraphically below the deposit is an alkali syenite, and that 
Bleikvassli is of the VMS-type. The Stollberg deposits formed as sub-sea floor 
replacement deposits in volcanic rocks spatially associated with carbonate rocks, 
and appear to have affinities with VMS deposits (Jansson et al., 2013). The origin 
of BHT deposits is controversial and several different genetic models have been 
proposed (see Greenfield, 2003). It has been suggested in the past that they are, for 
example, metamorphosed SEDEX deposits (e.g., Gustafson and Williams, 1981), 
but we consider them to be a separate class of deposit based on the classification 
schemes of Walters (1998), Greenfield (2003), Leach et al. (2005), and Spry et al. 
(2009). Utilization of the tree diagram developed here can be applied to the 
composition of detrital gahnite to determine their provenance, or the type of ore 
deposit from which they were derived. These geochemical fingerprints and the tree 
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diagram will aid in the search for metamorphosed massive sulfide deposits in 
greenfield and brownfield terranes. 
3.2 Sampling and Analytical Methods 
  Samples of gahnite from the Broken Hill (Australia) and Melbourne 
Rockwell (Spry, 1978; Spry et al., 2010; O’Brien et al., 2015b), Mutooroo (O’Brien 
et al., 2015b), Broken Hill (South Africa) (Spry, 1987), Bleikvassli (Rosenberg et 
al., 1998), central Colorado (Heimann et al., 2005), Foster River (Steadman and 
Spry, 2015), Angas (Spry et al., 2010), Kvänvberget, Sterling Hill, and Stollberg 
are housed at Iowa State University. Samples from Kvänvberget and Mamandur 
were collected from surface locations, whereas those from Sterling Hill were 
obtained from the open pit and mine dumps adjacent to the deposit. Gahnite from 
Stollberg was collected from drill core as part of an on-going trace element study 
of silicates and oxides from massive sulfide deposits in the Stollberg district (Frank 
et al., 2014; O’Brien et al., 2014; Spry et al., 2015). Trace element concentrations 
of gahnite from Broken Hill (Australia), Mutooroo, and Melbourne Rockwell are 
in the electronic supplement of O’Brien et al. (2015b). The type, metamorphic 
facies, age, tectonic setting, host rock sequence and sulfide assemblage for each 
deposit are in Table 1, whereas the mineralogy of each sample is given in Table 2.  
Compositions of gahnite (MgO, Al2O3, SiO2, TiO2, MnO, FeO, ZnO) were 
measured using a JEOL JXA-8900 Electron Probe Microanalyzer (EPMA) at the 
University of Minnesota, operated with an accelerating voltage of 15 kV, a beam 
current of 20 nA, and a spot size of 1-2 μm, and using a range of mineral standards 
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including gahnite (Zn, Al), pyrope (Si, Mg), hornblende (Ti), ilmenite (Fe), and 
spessartine (Mn). The beam time for background and peaks was 10 seconds each.  
Concentrations of 52 elements were obtained for gahnite from BHT, 
SEDEX, and VMS deposits at the Geological Survey of Canada (Ottawa) using a 
LA-ICP-MS, comprising a Photon Machines “Analyte 193” excimer (Ar-F) laser 
ablation system coupled to an Agilent 7700 Series ICP-MS, fitted with a second 
rotary interface pump that approximately doubles instrument sensitivity. 
Compositions were obtained using a nominal spot size of 43, 52, 69, or 86 µm. 
Analyses were calibrated using an external standard, GSD-1G, a synthetic glass 
microbeam reference standard (USGS), whereas values of Al2O3 from EPMA 
analysis were used for internal standardization. GSD-1G was analyzed twice every 
12-15 analyses of unknown samples to correct for instrument sensitivity drift. 
Analytical precision and accuracy were determined by analyzing reference material 
BCR-2G repeatedly throughout the day, under operating conditions identical to that 
used during routine gahnite analyses. Data reduction was performed using the 
computer program GLITTER (Van Achterberg, 2001), which allows visual 
inspection and selective integration of  time-resolved signal intensity profiles prior 
to conversion of integrated signals to concentrations using “GeoREM preferred 
values” for element contents of GSD-1G (http://georem.mpch-mainz.gwdg.de/). 
Concentrations of the same 52 elements for gahnite from the Sterling Hill 
NSZ deposit were measured at the U.S. Geological Survey (Denver) using a LA-
ICP-MS, comprising a New Wave Research UP-193 FX LA system (193-nm 
excimer) coupled to a PerkinElmer DRC-e ICP-MS. Data were obtained using a 
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spot size of 85 and 150 µm, and calibrated using external synthetic glass reference 
standards GSD-1G and NKT-1G from the U.S. Geological Survey. Values of Al2O3 
from EPMA analysis were used for internal standardization. BCR-2G was analyzed 
as an unknown to test analytical precision and accuracy. The trace element 
composition of this standard is in Rocholl (2008). Concentrations were determined 
off-line using calculations outlined by Longerich et al. (1996). Detection limits for 
both LA-ICP-MS instruments are in Table 3. Those elements analyzed that were 
generally above detection limits were Cd, Co, Cr, Ga, Li, Mn, Ni, Pb, Ti, and V, 
whereas elements that were generally near or below detection limits were Ag, As, 
B, Ba, Be, Bi, Ge, Hf, Mo, Rb, S, Sb, Sc, Sn, Sr, W, Y, and Zr, as well as the rare 
earth elements. 
3.3 Results 
3.3.1 Major Element Chemistry 
 Representative major and minor element compositions of zincian spinels 
from various deposits are in Table 4. Using the same components as Spry and Scott 
(1986) and Heimann et al. (2005) (i.e., gahnite (ZnAl2O4), hercynite (FeAl2O4), and 
spinel sensu stricto (MgAl2O4)), relative proportions of Zn, Fe, and Mg for each 
analysis are presented here in a series of ternary plots, which are grouped on the 
basis of deposit type (Fig. 2). The data in these plots are overlain by the 
compositional fields of Heimann et al. (2005) for gahnite from various geological 
settings. Gahnite from BHT, SEDEX, and VMS deposits mostly plots within field 
3 for gahnite in metamorphosed massive sulfide deposits hosted by hydrothermally 
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altered Fe-Al-rich metasedimentary and metavolcanic rocks (gahnite45–
85hercynite15–45spinel0–20). Gahnite in VMS and SEDEX deposits generally contains 
a higher Mg content than gahnite from BHT deposits.  However, some grains of 
gahnite from the Foster River, Broken Hill (Australia), and Colorado Cu-Zn 
deposits, contain a higher proportion of Fe, and plot within the field of unaltered 
and altered Fe-Al-rich metasedimentary and metavolcanic rocks (field 6). 
Moreover, some gahnite from central Colorado is Mg-rich and plots in the 
metamorphosed massive sulfide deposits and S-poor rocks in Mg-Ca-Al alteration 
zones field (field 2). The reason for this is that gahnite from this location occurs in 
Mg-rich alteration and the Mg spinel component is not buffered by fS2-fO2 
conditions, which control the Zn:Fe ratio of zincian spinels (Spry and Scott, 1986). 
Similarly, those spinels that occur in or adjacent to a sulfide deposit that contain ~ 
< 1 wt. % Fe sulfides will be Fe-rich and fall within field 6. Gahnite from the 
Sterling Hill NSZ deposit contains low amounts of Al (50.2 wt. % Al2O3), Mg (0.2 
wt. % MgO), but the highest amount of Zn (42.9 wt. % ZnO) in gahnite from any 
of the deposits studied here, and generally plot outside of the metamorphosed 
massive sulfide compositional field 3 of Heimann et al. (2005). 
3.3.2 Trace Element Chemistry 
The mean, median, minimum, and maximum of the trace element 
concentrations of gahnite from each deposit are in Table 5, with the median 
concentrations being discussed hereafter. A series of box and whisker plots is 
presented here to facilitate comparisons between gahnite compositions in the 
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different deposits and ore types (Fig. 3). The whisker plots show the 5th percentile, 
lower quartile, median, upper quartile, 95th percentile values, and outliers for 
concentrations of Ti, V, Cr, Mn, Co, Ni, Ga, and Cd in gahnite from each deposit. 
Gahnite in SEDEX deposits contains similar amounts of V (60-87 ppm), Ni 
(1.4-3.2 ppm), and Cd (2.8-3.5 ppm). Gahnite from the Foster River Zn deposit 
contains higher concentrations of Ti (10.6 ppm), Mn (4,700 ppm), Co (43 ppm), 
and Ga (212 ppm), and lesser amounts of Cr (29.4 ppm) than gahnite from the 
Angas Zn-Pb-Ag deposit (Ti = 1.8 ppm, Mn = 2,270 ppm, Co = 8.7 ppm, Ga = 92 
ppm, and Cr = 253 ppm).  
Gahnite in BHT deposits contains 62-176 ppm V, 61-81 ppm Co, and 2.8 
to 6.5 ppm Cd. Concentrations of Ga (192 ppm) and Ti (57 ppm) are, in general, 
higher in gahnite from Broken Hill (Australia) than in gahnite from Broken Hill 
(South Africa) (Ga = 135 ppm; Ti = 14 ppm), Melbourne Rockwell (Ga = 80; Ti = 
20.5), and Mutooroo (Ga = 109 ppm; Ti = 2.8 ppm). Concentrations of Cr and Ni 
are much higher (100 and 30 ppm, respectively) in gahnite from the Melbourne 
Rockwell deposit than in other BHT deposits. Gahnite from Broken Hill (South 
Africa) contains the highest concentration of Mn (up to 4,100 ppm).  
The trace element concentrations of gahnite in VMS deposits are variable 
and not as uniform as for gahnite from BHT, NSZ, and SEDEX deposits. 
Concentrations of V, and to a lesser extent Mn, occur in lower amounts in gahnite 
from the Kvänvberget deposit (0.7 ppm V and 430 ppm Mn), than in gahnite from 
Mamandur (V = 27.6 ppm, Mn = 2,470), and some Cu-Zn deposits in Colorado. 
Gahnite from Mamandur contains the highest Ti content (26.2 ppm) among gahnite 
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from VMS deposits. With the exception of this deposit, gahnite in other VMS 
deposits contains less than 11.5 ppm Ti and 4 ppm Ni. The Ga content of gahnite 
from Kvänvberget (420 ppm) is higher than in gahnite from other VMS deposits 
(up to 182 ppm). Concentrations of Cr in gahnite from most VMS deposits are 
generally low (i.e., < 3 ppm), with the exception of gahnite from Cu-Zn deposits in 
Colorado, where gahnite in anthophyllite-phlogopite rocks from the Independence 
deposit contains up to 257 ppm Cr. The major and trace element chemistry of 
gahnite in mineralogically diverse metamorphosed hydrothermal alteration zones 
in Colorado Cu-Zn deposits is highly variable. Assemblages in these alteration 
zones include, for example, cummingtonite-ilmenite-sphalerite-gahnite, gedrite-
magnetite-gahnite, and anthophyllite-sillimanite-pyrite-gahnite (Heimann et al., 
2005). In most of these deposits, concentrations of Ga and Co in gahnite are low, 
109-400 ppm and 6.3-44 ppm, respectively, but gahnite in a gedrite-magnetite-
ilmenite-pyrite-sphalerite-bearing rock from Sedalia contains anomalously high 
(i.e., 990-1,280 ppm Ga, and 95-114 ppm Co) concentrations of these elements. 
The amount of Mn in gahnite from Colorado Cu-Zn deposits is variable, with 
concentrations ranging from 320 to 6,700 ppm.  
Gahnite from the Sterling Hill NSZ deposit contains relatively low 
concentrations of Ga (55 ppm) and Co (9 ppm), and among the highest 
concentrations of Ti (218 ppm), Cr (278 ppm), and Cd (25.1 ppm) for gahnite 
analyzed herein.  
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3.4 Discussion 
The chemical compositions of gahnite for each deposit type is variable, and 
for several elements they overlap, and do not uniquely define a compositional range 
for a specific deposit type (Fig. 3). However, when some elements are used in 
combination with others they lend themselves to the development of compositional 
plots capable of distinguishing and classifying gahnite from different deposit types. 
Gahnite in the Sterling Hill deposit contains high concentrations of Ti, V, Cr, Zn, 
Cd, and low amounts of Mg, Al, Co, and Ga, and is distinguished from that in BHT, 
SEDEX, and VMS deposits in plots of Co versus Cd (Fig. 4A) and Al versus Mg 
(Fig 4B). High concentrations of Ti, V, Co, Ni, and low amounts of Mg, are typical 
of gahnite in BHT deposits, which can be discriminated from gahnite in SEDEX 
and VMS deposits in plots of Mg versus V (Fig. 4C), and Co versus V, respectively 
(Fig. 4D). However, some Co- and V-rich gahnite from Colorado Cu-Zn deposits 
(i.e., Bon Ton, Cotopaxi, Independence, and Sedalia) compositionally overlap 
gahnite from BHT deposits. 
 Gahnite in SEDEX deposits contains low concentrations of Ti, Co, Ni, and 
Ga, and high quantities of Mg, V, Cr, Mn, and Zn. Most gahnite in VMS deposits 
contains low amounts of V, Cr, Mn and Co, and high concentrations of Mg, Ti, and 
Ga. Thus, plots of Mn versus Ti (Fig. 4E), and Co versus Ti serve to distinguish 
gahnite in SEDEX deposits from that in a VMS deposit (Fig. 4F). However, the 
composition of gahnite in some Colorado Cu-Zn deposits plot within the SEDEX 
field. It is noted that the major element compositions of gahnite from central 
Colorado is the most variable of any gahnite district yet reported (i.e. gahnite-, 
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hercynite- and spinel-rich compositions, Heimann et al., 2005, Fig. 4, p. 611). This 
is in large part due to the unusually Mg-rich alteration, which commonly contains 
gahnite, compared to other VMS deposits. Although additional compositions of 
gahnite from other VMS and SEDEX districts need to be obtained, it may be that 
the unusual gahnite-bearing assemblages in the central Colorado district result in 
compositions that are atypical for gahnite from VMS deposits, which plot within 
the SEDEX field of Figures 4E and 4F. In addition to compositional distinctions 
shown in Figures 4E and 4F, which are based on Co versus Ti, and Mn versus Ti, 
respectively, the compositions of gahnite from SEDEX deposits also generally 
contain higher concentrations of Cr and V than gahnite from VMS deposits (Fig. 
3). Note that compositions of gahnite from BHT and NSZ deposits are not included 
in Figures 4E and 4F because they are distinguished from gahnite derived from 
SEDEX and VMS deposits in Figures 4A-D.  
It is stressed here that while there is overlap in composition in several trace 
elements for different deposits, as illustrated by the whisker plots in Figure 3, 
Figure 5 uses a tree diagram for specific elements shown in Figure 4 to allow the 
composition of gahnite in the four types of metamorphosed ore deposits to be 
distinguished. Compositions of unknown detrital gahnite should first be plot in 
Figures 4A (Co vs. Cd) and 4B (Al vs. Mg) to discriminate non-sulfide zinc 
deposits from the other three types of deposit. Thereafter, unknown samples should 
be plot in Figures 4C (Mg vs. V) and 4D (Co vs. V) to distinguish BHT deposits 
from VMS and SEDEX deposits. The last two deposit types are subsequently 
discriminated using Figures 4E (Co vs. Ti) and 4F (Mn vs. Ti).  
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Although the reasons why major and trace element compositions of 
minerals vary in a given deposit have been discussed elsewhere, the conditions 
affecting the major element chemistry of gahnite include ƒO2, ƒS2, temperature, 
pressure conditions, and host rock geochemistry (e.g., Spry and Scott, 1986; 
Shulters and Bohlen, 1989; Heimann et al. 2005). Experiments by Spry and Scott 
(1986) showed that the major element composition of zincian spinel in the gahnite-
hercynite solid solution is strongly dependent upon ƒS2 and ƒO2, which are dictated 
by the aFeS content of coexisting Fe-bearing sulfides (i.e., sphalerite, pyrite, and 
pyrrhotite). The composition of gahnite in the gahnite-hercynite solid solution is 
buffered and fixed (i.e., ~65–85 mole % ZnAl2O4), where coexisting Fe-bearing 
sulfides comprise more than ~1 volume % of the modal abundance of the host rock 
lithology, over the broad range of gahnite stability (i.e., upper greenschist to 
granulite facies) in metamorphic rocks (Spry and Scott, 1986; Spry and Teale 
2009). Because gahnite in BHT, SEDEX, and VMS deposits commonly coexists 
with Fe and Zn sulfides, the gahnite:hercynite ratio overlaps, such that the 
provenance of detrital grains cannot be distinguished solely on the basis of major 
element chemistry. However, the Sterling Hill NSZ deposit contains only trace 
amounts of sphalerite and Fe-sulfides, and, as a result, the gahnite:hercynite ratio 
was never buffered by the aFeS content of coexisting Fe-bearing sulfides (i.e., 
sphalerite, pyrite, and pyrrhotite). The high Zn content of gahnite at Sterling Hill is 
a function of the high bulk-rock Zn content, as indicated by the presence of zincite 
(ZnO), willemite (Zn2SiO4), and franklinite (ZnFe2O4) that dominate the ore 
(Johnson et al., 1990). 
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Gahnite in VMS and SEDEX deposits is more Mg-rich than that in BHT 
and the Sterling Hill NSZ deposit. The spinel sensu stricto component does not take 
part in gahnite-forming desulfidation reactions; therefore, enrichment in Mg 
content is related to host rock geochemistry. Gahnite-bearing samples from the 
Colorado Cu-Zn deposits were obtained mostly from metamorphosed Mg-rich 
hydrothermal alteration zones. Heimann et al. (2005) showed that Mg-rich gahnite 
in these deposits coexists with other Mg-rich phases (e.g., anthophyllite, 
phlogopite, gedrite, diopside, and hornblende), whereas gahnite, which is enriched 
in Fe and/or Zn coexists with Fe-rich silicates (e.g., almandine, biotite).  
Gahnite in the Sterling Hill NSZ deposit contains the lowest concentrations 
of Al, because of the substitution of Fe3+ into the octahedral structural site, which 
is filled normally by Al in aluminous spinels. Elevated amounts of the franklinite 
(ZnFe2O4) component in zincian spinel from Sterling Hill occurs where gahnite is 
in contact with franklinite or as exsolutions in franklinite (Carvalho and Sclar, 
1988). These elevated Fe3+ concentrations indicate that gahnite at Sterling Hill 
formed under more oxidizing conditions than gahnite in samples that were analyzed 
here from BHT, SEDEX, and VMS deposits.  
Factors influencing the trace element chemistry of gahnite are unknown and 
are not fully evaluated here due to the absence of experimental studies, but likely 
include whole rock geochemistry, partitioning of trace elements between gahnite 
and other minerals in the matrix, temperature, pressure, ƒO2, ƒS2, ƒH2O, crystal-
chemical controls (i.e., the major element chemistry of gahnite), and the 
composition of precursor minerals (e.g., sphalerite, garnet, pyrrhotite). Although 
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numerous empirical and experimental studies have been done to examine the 
incorporation of trace elements into magnetite (see Nadoll et al., 2014), zincian 
spinels have received little attention, with the exception of an empirical study on 
the partitioning of trace elements between gahnite and coexisting biotite and garnet 
(O’Brien et al., 2013). As a result, it is difficult to speculate on how changes in 
physicochemical conditions (i.e., temperature, pressure, ƒO2, ƒS2, ƒH2O) affect the 
trace element chemistry of gahnite without well-constrained experimental studies. 
But it is likely that incorporation of redox sensitive elements, such as Cr and V, is 
dependent on oxygen fugacity (e.g., substitution of V3+ into gahnite is compatible; 
whereas V5+ is likely incompatible).  
The focus of this paper is to determine whether the discrimination tree 
diagram can be used to compositionally distinguish gahnite among the four 
different ore types discussed here. However, we briefly speculate on some of the 
factors likely responsible for the variability in trace element compositions. A first-
order control on the available trace element budget during gahnite growth is the 
bulk rock geochemistry of its host. Although the BHT, SEDEX, NSZ, and VMS 
deposits examined in this study formed in extensional rift settings, they occur in 
different parts of the rift and in different host rocks. Therefore, factors affecting 
concentrations of the first series transition metals, Ga, and Cd in the protolith of 
gahnite-bearing rocks will influence gahnite chemistry.  
Gahnite in BHT deposits contains elevated concentrations of Ti, V, Co, and 
Ni and low Mg contents. Deposits of this type occur in a sequence of amphibolites, 
and metasedimentary, metavolcanic, and metaintrusive rocks (e.g., Walters, 1998). 
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At Broken Hill, Australia, sulfide mineralization, with attendant gahnite-bearing 
rocks, locally occurs in the Hores Gneiss and the Potosi Gneiss, but it is also 
spatially related to mafic igneous rocks. These rocks form part of a group of 
bimodal volcanic rocks that have rhyodacite-tholeiitic affinities (Johnson and 
Klingner, 1975; Raveggi et al., 2007, 2008). Variability in the nature of the 
metasedimentary rocks (i.e., metapelite, metapsammites, and metapsammopelite) 
is likely a function of sediment provenance, input of detrital minerals, presence of 
hydrothermal or chemical sediments, and seawater chemistry. The mixed 
metasedimentary and tholeiitic contributions to the Hores and Potosi Gneisses, and 
the processes by which they formed may account for the high concentrations of V 
and Ti, but low Mg, Cr, and Ni contents of gahnite. The higher proportion of mafic 
igneous rocks to felsic rocks at Melbourne Rockwell relative to Broken Hill, likely 
contributed to the difference in trace element content of gahnite between the two 
locations. However, gahnite in most BHT deposits, including Broken Hill, 
Australia, occurs predominantly in exhalative/inhalative chemical sedimentary 
rocks. The concentrations of transition metals in such rocks have been used in the 
past to assess the relative contribution of hydrothermal (e.g., Mn, Zn, Cr, Cd), 
hydrogenous (e.g., Mg, V, Co, Ni), and detrital (e.g., Cr, Ti) components to the 
protolith (e.g., Bonatti, 1975; Hein et al., 2005; Heimann et al., 2011). Although Cr 
is generally not considered an element that is enriched in hydrothermal fluids, Arai 
and Akizawa (2014) showed that Cr in high-temperature hydrothermal solutions 
may be more elevated. However, its behavior in lower temperature hydrothermal 
fluids (i.e. temperatures associated with exhalations from metal-bearing 
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hydrothermal vents) remains unclear. In certain cases, Mg, Co, Ni, and Ti could 
also be considered hydrothermal, enriched either by fluid transport or, in the case 
of Ti, by leaching. Elevated concentrations of Co, V, and Ni in gahnite from BHT 
deposits indicate a strong hydrogenetic input whereas elevated concentrations of Ti 
likely indicates a detrital component. Gahnite in BHT deposits contains the highest 
median concentrations of V and Co for gahnite analyzed in this study. Vanadium 
is adsorbed and scavenged by Fe-oxide particles from hydrothermal plumes, 
resulting in the concentration of this element in exhalative sediments distal to the 
vent (Krauskopf, 1956; Trefry and Metz, 1989).  
Distribution coefficients were determined by O’Brien et al. (2013) for 
gahnite-biotite and gahnite-garnet pairs in the Broken Hill domain, Australia, to 
assess how the partitioning of elements between gahnite and coexisting minerals 
affect gahnite chemistry. Distribution coefficients for gahnite-biotite pairs suggest 
Cr, Ga, Co, Cd, Ni, and to a lesser extent V, preferentially partition into gahnite, 
and Li and Ti partition into biotite, whereas for gahnite-garnet pairs Ni, Ga, Cr, V, 
Co, and Li partition more strongly into gahnite, and Ti, Cd, and Mn partition into 
garnet. Because transition metals preferentially partition into gahnite, the presence 
of biotite (except for Li and Ti) and garnet (except for Mn, Ti, and Cd) will not 
greatly affect the concentrations of V, Cr, Co, Ni, and Ga in gahnite. In the Broken 
Hill deposit (Australia), gahnite most commonly occurs in blue quartz-gahnite lode 
rocks, which can also contain trace amounts of a variety of accessory minerals (e.g., 
apatite, galena, orthoclase, sphalerite, tourmaline, and trace magnetite, sillimanite, 
rutile, and titanite) (Barnes et al., 1983). Because of the paucity of these accessory 
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minerals, competition for the incorporation of trace elements in accessory minerals 
is likely low, which results in the enrichment of Ti, V, Ni, and Co in gahnite. 
However, one exception is blue quartz, which is mostly deficient in transition 
elements, but is saturated in Ti because it generally contains rutile needles (e.g., 
Seifert et al., 2011). Where present, titanite is rare by comparison to gahnite and 
was not observed in contact with gahnite in samples studied here. In a preliminary 
attempt to evaluate crystal-chemical controls on the trace element composition of 
gahnite, the major element compositions of gahnite were plot as a function of trace 
element compositions. Given that all major-trace element pairs had r2 values less 
than 0.2, it is likely that the crystal-chemical controls on trace element contents are 
minimal. 
 Gahnite in SEDEX deposits contains low concentrations of Ti, Co, Ni, and 
Ga, and high amounts of Zn, Mg, Cr, and V. The Angas deposit occurs in a 
sequence of metasedimentary rocks with metagreywacke predominating over 
metapelite, whereas metapsammite, metapelite, meta-quartzite, and meta-arenite 
are spatially associated with the Foster River prospect. Volcanic rocks, including 
volcaniclastic rocks, appear to be absent from the stratigraphic sequence hosting 
both of these occurrences, although their presence cannot be ruled out. Gahnite-
bearing sulfide mineralization at the Foster River prospect occurs in sulfidic-
quartzite rocks (i.e., K-feldspar-biotite-sillimanite-graphite rocks with accessory 
magnetite, garnet, and tourmaline) (Steadman and Spry, 2015). Concentrations of 
V in sedimentary rocks are sensitive to redox conditions and are highest in organic-
rich black shales. The spatial association of graphitic schists to graphite-gahnite-
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bearing sulfides at Foster River likely accounts for the elevated V content of 
gahnite. Chromium can either accumulate in sediments by adsorption onto Fe-
oxides from seawater (like V) or through the deposition of detrital components 
(Murray et al., 1983), and this may be the reason for its high concentration in 
gahnite from Foster River.  
Using the classification scheme of Franklin et al. (2005) for VMS deposits, 
the Stollberg, Kvänvberget, and Cu-Zn deposits in Colorado are of the bimodal 
felsic-type, whereas Mamandur is a bimodal-mafic deposit. Compositional 
variability for gahnite from VMS deposits is greater than for gahnite from BHT and 
SEDEX deposits. This is, in large part, likely related to the proximity and 
abundance of mafic igneous rocks to VMS deposits, which tend to contain higher 
amounts of transition elements than felsic rocks.  
Gahnite in VMS deposits contains high concentrations of Ti, Ga, Mg, and 
low concentrations of V, Co, and Cr. Gahnite samples studied here are from 
metamorphosed hydrothermally altered felsic volcanic rocks or massive sulfides 
(e.g., Heimann et al., 2005). Concentrations of transition metals in volcanic rocks 
generally decrease with increasing melt fractionation and with increasing silica 
content in magma because of the crystallization of mafic minerals (e.g., olivine, 
pyroxene), Fe-Ti oxides and immiscible sulfides, which potentially accounts for the 
low concentrations of Cr, V, and Co in gahnite in metamorphosed felsic volcanic 
rocks (Stanton, 1994; Ridley, 2012). Hydrothermal alteration associated with fluid-
rock interaction during the emplacement of ore minerals likely influenced the 
concentrations of some transition metals in the protolith of gahnite-bearing rocks. 
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During hydrothermal alteration, Al, Ti, V, and Cr are generally immobile, whereas 
Mn, Co, and Ni are considered mobile (Humphris and Thompson, 1978; Piercey 
2009). Gahnite in metamorphosed alteration zones associated with VMS deposits 
is commonly intergrown with a variety of ferromagnesian silicates (e.g., 
amphiboles, biotite, garnet), sulfides (e.g., sphalerite, pyrrhotite), and oxides (e.g., 
magnetite, ilmenite). Therefore, it is likely that the trace element content of gahnite 
will also be variable, because coexisting silicates and oxides can accommodate 
transition metals (e.g., Nehring et al., 2010).  
Given the debate concerning the origin of two deposits, Bleikvassli (i.e. 
SEDEX versus VMS) and Stollberg (i.e. is it a VMS deposit?), the compositions of 
gahnite from these locations were used as test cases and applied to the 
discrimination tree diagram. The composition of gahnite from the Stollberg 
samples (n = 10, Ti = 7.8 to 14.7 ppm; Mn = 780 to 1240 ppm; Co = 1.73 to 2.68 
ppm) fall within the VMS fields in Figures 4E and F, whereas those for Bleikvassli  
(n = 19; Ti = 1.32 to 16.5 ppm; Mn = 320 to 670 ppm; Co = 0.52 to 20.1 ppm) drape 
the SEDEX-VMS fields in Figure 4E and fall within the VMS field in Figure 4F. 
These data are few in number and several more data need to be obtained to 
statistically verify whether the compositions of gahnite from these two locations 
are consistent with the proposed VMS affiliations, which were based on geological 
and geochemical considerations. 
The Franklin Marble, a prominent carbonate unit in the Reading Prong of 
New Jersey, hosts the Sterling Hill NSZ deposit (Johnson et al., 1990; Metsger, 
2001). Gahnite from this deposit contains the highest concentrations of Cd of any 
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gahnite analyzed here. Trace element studies of sphalerite by Cook et al. (2009) 
showed that sphalerite can contain high concentrations of Cd (up to 10,000 ppm). 
Sphalerite constitutes only a trace component of the ore at Sterling Hill. Although 
distribution coefficients have not been determined for gahnite-sphalerite pairs, 
preferential partitioning of Cd into gahnite in the absence of sphalerite and other 
sulfides may have produced the elevated concentrations of Cd in gahnite from 
Sterling Hill.  
3.5 Summary and Conclusions 
The gahnite classification tree diagram, serves as a way to determine the 
provenance of detrital gahnite based on their major and trace element composition. 
Additional analysis of the chemistry of gahnite in metamorphosed sulfide and non-
sulfide deposits will undoubtedly refine the limits of the compositional fields 
identified here. However, based on the data obtained here the main conclusions of 
this study are: 
1) The trace element chemistry of gahnite in BHT, NSZ, SEDEX, and VMS 
deposits is dominated by Ti, V, Cr, Mn, Co, Ni, Ga, and Cd. 
2) Using the gahnite classification tree diagram, gahnite in NSZ deposits can 
be discriminated from gahnite in BHT, SEDEX, and VMS deposits on the 
basis of plots of Co versus Cd, and Al versus Mg. Gahnite in BHT deposits 
can subsequently be distinguished from that in SEDEX and VMS deposits 
based on plots of Mg versus V, and Co versus V, whereas the composition 
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of gahnite in SEDEX deposits is distinct from that in VMS deposits based 
on plots of Mn versus Ti, and Co versus Ti. 
3) The trace element composition of gahnite depends on a variety of 
physicochemical parameters as well as the bulk rock composition and trace 
element partitioning between gahnite and coexisting minerals. However, the 
relative importance of these parameters is unknown, although it is likely 
that the bulk chemistry of the rock hosting gahnite and trace element 
partitioning between gahnite and coexisting oxides and ferromagnesian 
silicates have a major effect on the composition of gahnite. In contrast, it is 
also likely that crystal-chemical controls of trace element compositions of 
gahnite are minimal. 
4) The composition of gahnite can be used as an exploration guide to 
metamorphosed massive sulfide and non-sulfide deposits in productive ore 
camps and in greenfield terranes where it can occur as a resistate mineral in 
unconsolidated sediments. 
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Figure. 1. Global map showing the location of gahnite-bearing deposits examined 
in this study: 1. Foster River, Saskatchewan; 2. several small Proterozoic 
Cu-Zn deposits, Colorado (i.e., Bon Ton, Caprock, Cotopaxi, 
Independence, and Sedalia); 3. Sterling Hill, New Jersey; 4. Bleikvassli, 
Norway; 5. Stollberg, Sweden; 6. Kvänvberget, Sweden; 7. Broken Hill, 
South Africa; 8. Mamandur, India; 9. Mutooroo, Australia; 10. Angas, 
Australia; 11. Broken Hill, Australia; 12. Melbourne Rockwell, 
Australia. 
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Figure 2.  Ternary plot of gahnite compositions from non-sulfide zinc, sedimentary 
exhalative, Broken Hill-type, and volcanogenic massive sulfide deposits in terms of 
the gahnite-hercynite-spinel sensu stricto spinel end-members. Numbers correspond 
to compositional ranges of gahnite from different geological settings as defined by 
Heimann et al. (2005).  1. Marbles; 2. Metamorphosed massive sulfide deposits and 
S-poor rocks in Mg-Ca-Al alteration zones; 3. Metamorphosed massive sulfide 
deposits in altered Fe-Al metasedimentary and metavolcanic rocks; 4. Metabauxites; 
5. Pegmatites; 6. Unaltered and hydrothermally altered Fe-Al-rich metasedimentary 
and metavolcanic rocks; 7. Al-rich granulites. The number of analyses obtained from 
each location is given in brackets.  
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Figure 3. Box and whisker plots for the elements Ti, V, Cr, Mn, Co, Ni, Ga, and Cd 
grouped on the basis of each deposit and colored based on deposit type. 
Concentrations of elements are in ppm and plotted on a logarithmic scale. 
The edges of whiskers represent the 5th percentile (bottom) and 95th 
percentile values (top), the edges of the box represent the lower quartile 
and upper quartile (50th percentile), and the solid line across the box 
represents the median. Outliers are shown as disconnected points. 
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Figure 4. Compositions of gahnite from various types of metallic mineral deposits 
in a series of bivariate plots: A. Co (ppm) versus Cd (ppm); B. Al (atoms 
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per formula unit) versus Mg (atoms per formula unit); C. Mg (atoms per 
formula unit) versus V (ppm); D. Co (ppm) versus V (ppm); E. Co (ppm) 
versus Ti (ppm); F. Mn (ppm) versus Ti (ppm). 
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Figure 5. Schematic diagram showing the classification of different deposit types 
using a series of bivariate plots of gahnite chemistry (major and trace 
elements).  The type of metamorphosed ore deposit from which gahnite 
was derived if found in an unconsolidated sediment can be determined 
using the six bivariate plots in Figure 4. Compositions should first be 
plot in Figures 4A and B to distinguish non-sulfide zinc deposits from 
the three other deposit types. Subsequently, plotting the compositional 
data for gahnite from these three remaining deposits in Figures 4C and 
D, allows for gahnite from Broken Hill-type deposits to be identified. 
Gahnite in volcanogenic massive sulfide deposits and sedimentary 
exhalative deposits can then be distinguished from one another in 
Figures 4E and F.
178  
 
 
 
179  
 
 
 
  
180  
 
 
 
 
 
181 
181  
 
 
 
182 
 
 
 
 
APPENDIX A 
MINERALOGY OF GAHNITE-BEARING ROCKS, BROKEN HILL DOMAIN 
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Deposit Stirling Hill Stirling Hill Stirling Hill Stirling Hill Stirling Hill Potosi Pit Potosi Pit
Sample JB-10-002 JB-10-003 JB-10-004 JB-10-006 JB-10-007A JB-10-010 JB-10-015
Qz XXXX XXXX XXXX XXXX XXXX XXXX XXXX
Ghn XXXX XXXX XXXX XXX XXXX XXXX XXXX
Ser XXX XXX XX XXX XX
Bt XX XXX XXX XXX
Ms XXX XXX
Chl XXX
Grt XXX XXXX
Sil
Fsp
Plag
St XXX XX
Ap X
Tour X
Mc
Mnz
Mag XX XXX
Ilm X XXX
Rt
Sp X X
Gn X
Po X X XX X
Ccp X X XX
Py X
Mrc
Apy
Hem XXX
Ttr
Tnt
Dol
Lo
Cbn
Ac
Ag
Prs
Pbs
Notes:  Mineral abundance: XXXX = > 10%, XXX = 1-10%, XX = < 1%, X = trace; All mineral abbreviations after 
Whitney and Evans (2010); Ac = acanthite, Ap = apatite, Apy = arsenopyrite, Bt = biotite, Ccp = chalcopyrite, Chl = 
chlorite, Cbn = cubanite, Dol = dolomite, Fsp = feldspar, Ghn = gahnite, Galena = galena, Grt = garnet, Hem = hematite, 
Ilm = ilmenite, Lo = löllingite, Mag = magnetite, Mrc = marcasite, Mc = microcline, Mnz = monazite, Ms = muscovite, 
Ag = native silver, Plag = plagioclase, Pbs = polybasite, Prs = proustite, Py = pyrite, Po = pyrrhotite, Qz = quartz, Rt = 
rutile, Ser = sericite, Sil = sillimanite, Sp = sphalerite, St = staurolite, Tnt = tennantite, Ttr = tetrahedrite, Tour = 
tourmaline
Table A1. O'Brien et al., Mineralogy of Gahnite-bearing Rocks, Broken Hill Domain
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Deposit Henry 
George
Henry 
George
Henry 
George
Henry 
George
Henry 
George
Henry 
George
Henry 
George
Sample JB-10-018 JB-10-022 JB-10-027 JB-10-028 JB-10-029 JB-10-030 JB-10-031
Qz XXXX XXX XXXX XXXX XXXX XXXX XXX
Ghn XXXX XXXX XXXX XXXX XXXX XXXX XXXX
Ser XXX XXX XXX XXX XXX
Bt X XXX X XX XXX XXX XXXX
Ms XXX X
Chl X X X XXX XX
Grt XXX XXXX XXXX
Sil XX XXXX
Fsp XX XXX
Plag
St XX
Ap X XX XX
Tour
Mc XXXX
Mnz X XX X X XX
Mag
Ilm X X XXX
Rt X
Sp XXX XXX XX XX
Gn XXX X X
Po X XXX X XXX XX XXX
Ccp XXX X XX X XXX X
Py XX
Mrc
Apy X X XXX XX
Hem
Ttr
Tnt
Dol X
Lo X
Cbn
Ac
Ag
Prs
Pbs
Notes:  Mineral abundance: XXXX = > 10%, XXX = 1-10%, XX = < 1%, X = trace; All mineral abbreviations after 
Whitney and Evans (2010); Ac = acanthite, Ap = apatite, Apy = arsenopyrite, Bt = biotite, Ccp = chalcopyrite, Chl = 
chlorite, Cbn = cubanite, Dol = dolomite, Fsp = feldspar, Ghn = gahnite, Galena = galena, Grt = garnet, Hem = hematite, 
Ilm = ilmenite, Lo = löllingite, Mag = magnetite, Mrc = marcasite, Mc = microcline, Mnz = monazite, Ms = muscovite, 
Ag = native silver, Plag = plagioclase, Pbs = polybasite, Prs = proustite, Py = pyrite, Po = pyrrhotite, Qz = quartz, Rt = 
rutile, Ser = sericite, Sil = sillimanite, Sp = sphalerite, St = staurolite, Tnt = tennantite, Ttr = tetrahedrite, Tour = 
tourmaline
Table A1 (Cont.) 
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Deposit Henry 
George
Henry 
George
Henry 
George
Henry 
George
11:30 11:30 11:30
Sample JB-10-033 JB-10-034 JB-10-035 JB-10-037 JB-10-039 JB-10-040 JB-10-041
Qz XXXX XXXX XXXX XXXX X XX XXXX
Ghn XXX XXXX XXXX XXX XXX XXXX XXXX
Ser X XXX
Bt XXX X XXXX XXXX XXXX XXXX
Ms XXXX XXX XXX
Chl XX X X
Grt XXX XXXX XXXX XXXX XXXX
Sil XXXX
Fsp XXX XXX
Plag
St
Ap
Tour
Mc X X
Mnz X X XX XX
Mag
Ilm XXX XXX
Rt
Sp XXXX XXXX XX XXXX X X
Gn X XXXX
Po XXX XXX XXX XXX XXX XX
Ccp XX XXX X XX XXX X
Py XXX X X
Mrc
Apy XXX X X XX X
Hem
Ttr
Tnt
Dol
Lo
Cbn
Ac
Ag
Prs
Pbs
Table A1 (Cont.) 
Notes:  Mineral abundance: XXXX = > 10%, XXX = 1-10%, XX = < 1%, X = trace; All mineral abbreviations after 
Whitney and Evans (2010); Ac = acanthite, Ap = apatite, Apy = arsenopyrite, Bt = biotite, Ccp = chalcopyrite, Chl = 
chlorite, Cbn = cubanite, Dol = dolomite, Fsp = feldspar, Ghn = gahnite, Galena = galena, Grt = garnet, Hem = hematite, 
Ilm = ilmenite, Lo = löllingite, Mag = magnetite, Mrc = marcasite, Mc = microcline, Mnz = monazite, Ms = muscovite, 
Ag = native silver, Plag = plagioclase, Pbs = polybasite, Prs = proustite, Py = pyrite, Po = pyrrhotite, Qz = quartz, Rt = 
rutile, Ser = sericite, Sil = sillimanite, Sp = sphalerite, St = staurolite, Tnt = tennantite, Ttr = tetrahedrite, Tour = 
tourmaline
APPENDIX A 186
Deposit 11:30 11:30 11:30 11:30 11:30 11:30 11:30
Sample JB-10-043 JB-10-044 JB-10-045 JB-10-046 JB-10-047 JB-10-048 JB-10-049
Qz XXXX XXXX XXXX XXX XXXX XXXX XXXX
Ghn XXX XXX XXXX XXX XXXX XXX XXXX
Ser XXX XX
Bt XXXX XXXX XXXX XXX XXX XXX XXXX
Ms XXX XXXX XXX
Chl XX XXX XX XXX
Grt XXXX XXX XXXX XXX XXX XXXX XX
Sil
Fsp
Plag XXX
St X
Ap
Tour
Mc XX X
Mnz XX X XX XX XX
Mag X XX
Ilm XXX XX XXX XX XX XX
Rt
Sp XXX X XXXX XX X XXX
Gn XXX XX XXX XX
Po XX XXX XXX XXX XX XXX
Ccp XX XXX XXX XXX XXX XXX
Py XX XXX XXX X XX XX
Mrc
Apy XX
Hem
Ttr
Tnt
Dol
Lo
Cbn
Ac
Ag
Prs
Pbs
Table A1 (Cont.) 
Notes:  Mineral abundance: XXXX = > 10%, XXX = 1-10%, XX = < 1%, X = trace; All mineral abbreviations after 
Whitney and Evans (2010); Ac = acanthite, Ap = apatite, Apy = arsenopyrite, Bt = biotite, Ccp = chalcopyrite, Chl = 
chlorite, Cbn = cubanite, Dol = dolomite, Fsp = feldspar, Ghn = gahnite, Galena = galena, Grt = garnet, Hem = hematite, 
Ilm = ilmenite, Lo = löllingite, Mag = magnetite, Mrc = marcasite, Mc = microcline, Mnz = monazite, Ms = muscovite, 
Ag = native silver, Plag = plagioclase, Pbs = polybasite, Prs = proustite, Py = pyrite, Po = pyrrhotite, Qz = quartz, Rt = 
rutile, Ser = sericite, Sil = sillimanite, Sp = sphalerite, St = staurolite, Tnt = tennantite, Ttr = tetrahedrite, Tour = 
tourmaline
APPENDIX A 187
Deposit 11:30 11:30 Ten Two Ten Two Ten Two Round Hill 
Notch 
Round Hill 
Notch 
Sample JB-10-049A JB-10-050 JB-10-054 JB-10-055 JB-10-056 JB-10-057 JB-10-058
Qz XXXX XXX XXXX XXXX XXXX XXXX XXXX
Ghn XXX XXXX XXXX XXXX XXX XXXX XXX
Ser XXX XXX XXX XXX XX
Bt XXXX XXXX XXX XXX XXX XXX
Ms XXX XX
Chl XX XX XXX XXX
Grt XXXX X
Sil
Fsp XXX XXX XXXX
Plag XXXX XXXX
St XX
Ap X
Tour
Mc XXX XX XXXX
Mnz XX XXX XX X X
Mag X
Ilm XX X X
Rt
Sp X XX XX XXX X
Gn XXX X
Po XXX XXX XXX XXX X X X
Ccp XXX XX XXX XXX X X
Py XXX XX XXX
Mrc
Apy X
Hem
Ttr
Tnt
Dol
Lo
Cbn
Ac
Ag
Prs
Pbs
Table A1 (Cont.) 
Notes:  Mineral abundance: XXXX = > 10%, XXX = 1-10%, XX = < 1%, X = trace; All mineral abbreviations after 
Whitney and Evans (2010); Ac = acanthite, Ap = apatite, Apy = arsenopyrite, Bt = biotite, Ccp = chalcopyrite, Chl = 
chlorite, Cbn = cubanite, Dol = dolomite, Fsp = feldspar, Ghn = gahnite, Galena = galena, Grt = garnet, Hem = hematite, 
Ilm = ilmenite, Lo = löllingite, Mag = magnetite, Mrc = marcasite, Mc = microcline, Mnz = monazite, Ms = muscovite, 
Ag = native silver, Plag = plagioclase, Pbs = polybasite, Prs = proustite, Py = pyrite, Po = pyrrhotite, Qz = quartz, Rt = 
rutile, Ser = sericite, Sil = sillimanite, Sp = sphalerite, St = staurolite, Tnt = tennantite, Ttr = tetrahedrite, Tour = 
tourmaline
APPENDIX A 188
Deposit Round Hill 
Notch 
Globe Globe Globe Globe Globe Globe
Sample JB-10-059 JB-10-061 JB-10-062 JB-10-063 JB-10-064 JB-10-065 JB-10-066
Qz XXXX XXXX XXXX XXXX XXXX XXXX XXXX
Ghn XXX XXX XXXX XXXX XXXX XXXX XXXX
Ser X XX XXXX XXX XXX XXX
Bt XXXX XXXX X
Ms XXX X
Chl XX
Grt XX XX
Sil
Fsp
Plag
St
Ap X XX X XXX
Tour X
Mc
Mnz X X X
Mag X XXX X X
Ilm X XX XX XXX X X
Rt
Sp X X XXX X
Gn X
Po X X X XX
Ccp X X X
Py
Mrc
Apy X X
Hem X X
Ttr
Tnt
Dol
Lo
Cbn
Ac
Ag
Prs
Pbs
Table A1 (Cont.) 
Notes:  Mineral abundance: XXXX = > 10%, XXX = 1-10%, XX = < 1%, X = trace; All mineral abbreviations after 
Whitney and Evans (2010); Ac = acanthite, Ap = apatite, Apy = arsenopyrite, Bt = biotite, Ccp = chalcopyrite, Chl = 
chlorite, Cbn = cubanite, Dol = dolomite, Fsp = feldspar, Ghn = gahnite, Galena = galena, Grt = garnet, Hem = hematite, 
Ilm = ilmenite, Lo = löllingite, Mag = magnetite, Mrc = marcasite, Mc = microcline, Mnz = monazite, Ms = muscovite, 
Ag = native silver, Plag = plagioclase, Pbs = polybasite, Prs = proustite, Py = pyrite, Po = pyrrhotite, Qz = quartz, Rt = 
rutile, Ser = sericite, Sil = sillimanite, Sp = sphalerite, St = staurolite, Tnt = tennantite, Ttr = tetrahedrite, Tour = 
tourmaline
APPENDIX A 189
Deposit Round Hill Round Hill Round Hill Round Hill Flying 
Doctor
Flying 
Doctor
Flying 
Doctor
Sample JB-10-068 JB-10-069 JB-10-070 JB-10-072 JB-10-073 JB-10-074 JB-10-075
Qz XXXX XXXX XXXX XXXX XXXX XXXX XXXX
Ghn XXXX XXXX XXXX XXX XXX XXXX XXXX
Ser XXX XX XXX X XX XXX
Bt XXX XX
Ms XXX XXXX
Chl
Grt XXX
Sil
Fsp
Plag
St XXX XX
Ap X
Tour
Mc
Mnz X XX
Mag XXX XXX X
Ilm X X XX X X
Rt XX
Sp XXX X X
Gn
Po X
Ccp X
Py
Mrc
Apy
Hem X XXX X X
Ttr
Tnt
Dol
Lo X
Cbn
Ac
Ag
Prs
Pbs
Notes:  Mineral abundance: XXXX = > 10%, XXX = 1-10%, XX = < 1%, X = trace; All mineral abbreviations after 
Whitney and Evans (2010); Ac = acanthite, Ap = apatite, Apy = arsenopyrite, Bt = biotite, Ccp = chalcopyrite, Chl = 
chlorite, Cbn = cubanite, Dol = dolomite, Fsp = feldspar, Ghn = gahnite, Galena = galena, Grt = garnet, Hem = hematite, 
Ilm = ilmenite, Lo = löllingite, Mag = magnetite, Mrc = marcasite, Mc = microcline, Mnz = monazite, Ms = muscovite, 
Ag = native silver, Plag = plagioclase, Pbs = polybasite, Prs = proustite, Py = pyrite, Po = pyrrhotite, Qz = quartz, Rt = 
rutile, Ser = sericite, Sil = sillimanite, Sp = sphalerite, St = staurolite, Tnt = tennantite, Ttr = tetrahedrite, Tour = 
tourmaline
Table A1 (Cont.) 
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Deposit Flying 
Doctor
Flying 
Doctor
Flying 
Doctor
Flying 
Doctor
Zinc Lode at 
N. mine
Zinc Lode at 
N. mine
Zinc Lode at 
N. mine
Sample JB-10-077 JB-10-078 JB-10-079 JB-10-080 JB-10-081 JB-10-082 JB-10-084
Qz XXXX XXXX XXXX XXXX XXXX XXXX XXXX
Ghn XXXX XXXX XXXX XXX XXX XXXX X
Ser XXXX XXX XXX
Bt XXX XXX
Ms XXX XX XXX
Chl X
Grt XXX XXX XXX XXXX
Sil XX XXXX
Fsp
Plag XXX
St
Ap XXX X
Tour X
Mc XXXX XXXX
Mnz X X XX X
Mag X
Ilm XX XX XXX
Rt XXX
Sp XXX XXXX
Gn X XXX
Po X XXX XXX XXX
Ccp X XX
Py XX
Mrc
Apy
Hem XXX
Ttr
Tnt
Dol
Lo
Cbn
Ac
Ag
Prs
Pbs
Table A1 (Cont.) 
Notes:  Mineral abundance: XXXX = > 10%, XXX = 1-10%, XX = < 1%, X = trace; All mineral abbreviations after 
Whitney and Evans (2010); Ac = acanthite, Ap = apatite, Apy = arsenopyrite, Bt = biotite, Ccp = chalcopyrite, Chl = 
chlorite, Cbn = cubanite, Dol = dolomite, Fsp = feldspar, Ghn = gahnite, Galena = galena, Grt = garnet, Hem = hematite, 
Ilm = ilmenite, Lo = löllingite, Mag = magnetite, Mrc = marcasite, Mc = microcline, Mnz = monazite, Ms = muscovite, 
Ag = native silver, Plag = plagioclase, Pbs = polybasite, Prs = proustite, Py = pyrite, Po = pyrrhotite, Qz = quartz, Rt = 
rutile, Ser = sericite, Sil = sillimanite, Sp = sphalerite, St = staurolite, Tnt = tennantite, Ttr = tetrahedrite, Tour = 
tourmaline
APPENDIX A 191
Deposit Zinc Lode at 
N. mine
Zinc Lode at 
N. mine
Zinc Lode at 
N. mine
Zinc Lode at 
N. mine
Zinc Lode at 
N. mine
Zinc Lode at 
N. mine
Zinc Lode at 
N. mine
Sample JB-10-085 JB-10-086 JB-10-087 JB-10-088 JB-10-089 JB-10-090 JB-10-091
Qz XXXX XXXX XXXX XXXX XXXX XXXX XXXX
Ghn XXX XXX XXX XXX XXXX XXXX XXXX
Ser XXX XX XX XXX XXX
Bt XXX XXX XXX XX
Ms
Chl
Grt XXX XXXX XXX XXX XX XXX
Sil XXXX XXXX XX
Fsp
Plag XXX
St XXX XXX
Ap XX
Tour
Mc X XXX
Mnz X X XX
Mag
Ilm XXX XX XX XX XX
Rt
Sp XXX XXXX XXX XXX XX
Gn XXXX XXX XXX
Po XX XXX XXX XX XX XXX XXX
Ccp X X X XXX X XXX XXX
Py X XXX
Mrc
Apy X
Hem XXX
Ttr
Tnt X
Dol
Lo X
Cbn
Ac X
Ag X
Prs X
Pbs
Table A1 (Cont.) 
Notes:  Mineral abundance: XXXX = > 10%, XXX = 1-10%, XX = < 1%, X = trace; All mineral abbreviations after 
Whitney and Evans (2010); Ac = acanthite, Ap = apatite, Apy = arsenopyrite, Bt = biotite, Ccp = chalcopyrite, Chl = 
chlorite, Cbn = cubanite, Dol = dolomite, Fsp = feldspar, Ghn = gahnite, Galena = galena, Grt = garnet, Hem = hematite, 
Ilm = ilmenite, Lo = löllingite, Mag = magnetite, Mrc = marcasite, Mc = microcline, Mnz = monazite, Ms = muscovite, 
Ag = native silver, Plag = plagioclase, Pbs = polybasite, Prs = proustite, Py = pyrite, Po = pyrrhotite, Qz = quartz, Rt = 
rutile, Ser = sericite, Sil = sillimanite, Sp = sphalerite, St = staurolite, Tnt = tennantite, Ttr = tetrahedrite, Tour = 
tourmaline
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Deposit Zinc Lode at 
N. mine
Zinc Lode at 
N. mine
Zinc Lode at 
N. mine
Zinc Lode at 
N. mine
Flying 
Doctor
Flying 
Doctor
Flying 
Doctor
Sample JB-10-092 JB-10-093 JB-10-094 JB-10-094A JB-10-095 JB-10-096 JB-10-099
Qz XXXX XXX XXXX XXXX XXXX XXXX XXXX
Ghn XXX XXXX XXX XXXX XXXX XXXX XXXX
Ser XXX XXX XXX XXX
Bt XXXX XXXX XXX XXX XXX
Ms XXX XXXX
Chl XXX
Grt XXXX XXXX XXX XXX XXX XXX
Sil
Fsp XXX XXXX
Plag
St
Ap X X
Tour
Mc XXX
Mnz X XX X X
Mag XXX
Ilm X XX XXX XXX
Rt
Sp XX XX XXX X
Gn X X X XX XXX X
Po XXX XXX XXX XXX XXX X XX
Ccp XXX XXX XX XX X X
Py X XXX XXX
Mrc XXX
Apy XXX
Hem XXX
Ttr
Tnt
Dol
Lo X
Cbn X X
Ac
Ag
Prs
Pbs X
Table A1 (Cont.) 
Notes:  Mineral abundance: XXXX = > 10%, XXX = 1-10%, XX = < 1%, X = trace; All mineral abbreviations after 
Whitney and Evans (2010); Ac = acanthite, Ap = apatite, Apy = arsenopyrite, Bt = biotite, Ccp = chalcopyrite, Chl = 
chlorite, Cbn = cubanite, Dol = dolomite, Fsp = feldspar, Ghn = gahnite, Galena = galena, Grt = garnet, Hem = hematite, 
Ilm = ilmenite, Lo = löllingite, Mag = magnetite, Mrc = marcasite, Mc = microcline, Mnz = monazite, Ms = muscovite, 
Ag = native silver, Plag = plagioclase, Pbs = polybasite, Prs = proustite, Py = pyrite, Po = pyrrhotite, Qz = quartz, Rt = 
rutile, Ser = sericite, Sil = sillimanite, Sp = sphalerite, St = staurolite, Tnt = tennantite, Ttr = tetrahedrite, Tour = 
tourmaline
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Deposit Flying 
Doctor
Flying 
Doctor
Potosi 
Extended
Potosi North Potosi North Potosi North C lode
Sample JB-10-100 JB-10-101 JB-10-103 JB-10-104 JB-10-105 JB-10-106
Qz XXXX XXXX XXXX XXXX XXXX XXXX XXXX
Ghn XXXX XXX XXXX XXX XXXX XXX XXX
Ser XX XX XXX XXX
Bt XXX X XXX XXX XXX
Ms XX XX XXX
Chl
Grt XXX XXX XX XX X XXX XXX
Sil
Fsp
Plag
St
Ap X X X
Tour
Mc
Mnz X X X
Mag X X
Ilm XX XX X X
Rt X
Sp XXXX XXXX XXXX XXXX XXX X
Gn XX XXX XXX X XXXX XXX
Po XXX XX XXX XXX X XX X
Ccp XXX XXX XXX XX XX X
Py XXX XXX
Mrc
Apy X
Hem
Ttr
Tnt
Dol X
Lo
Cbn
Ac
Ag
Prs
Pbs
Table A1 (Cont.) 
Notes:  Mineral abundance: XXXX = > 10%, XXX = 1-10%, XX = < 1%, X = trace; All mineral abbreviations after 
Whitney and Evans (2010); Ac = acanthite, Ap = apatite, Apy = arsenopyrite, Bt = biotite, Ccp = chalcopyrite, Chl = 
chlorite, Cbn = cubanite, Dol = dolomite, Fsp = feldspar, Ghn = gahnite, Galena = galena, Grt = garnet, Hem = hematite, 
Ilm = ilmenite, Lo = löllingite, Mag = magnetite, Mrc = marcasite, Mc = microcline, Mnz = monazite, Ms = muscovite, 
Ag = native silver, Plag = plagioclase, Pbs = polybasite, Prs = proustite, Py = pyrite, Po = pyrrhotite, Qz = quartz, Rt = 
rutile, Ser = sericite, Sil = sillimanite, Sp = sphalerite, St = staurolite, Tnt = tennantite, Ttr = tetrahedrite, Tour = 
tourmaline
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Deposit C lode C lode C lode C lode B lode B lode Champion
Sample JB-10-109 JB-10-117 JB-10-118 JB-10-119 JB-10-122 JB-10-123 JB-10-124
Qz XXXX XXX XXXX XXXX XXXX XXXX XXXX
Ghn X XXX XXX XXX XXXX XXXX XXXX
Ser XXX
Bt XX XXXX XXX XX XXX XXX
Ms XXXX XXXX XXX
Chl XXX X
Grt XXXX XXXX XX XXXX
Sil
Fsp
Plag
St
Ap X X
Tour
Mc
Mnz X X X X
Mag
Ilm XX
Rt
Sp XXX XX XXXX XXX XX X
Gn XX XX XX XXX X
Po XXX XXX XXX XXX XXX
Ccp XX XX X XXX XXX
Py XXX
Mrc
Apy X
Hem
Ttr
Tnt
Dol
Lo X
Cbn
Ac
Ag
Prs
Pbs
Notes:  Mineral abundance: XXXX = > 10%, XXX = 1-10%, XX = < 1%, X = trace; All mineral abbreviations after 
Whitney and Evans (2010); Ac = acanthite, Ap = apatite, Apy = arsenopyrite, Bt = biotite, Ccp = chalcopyrite, Chl = 
chlorite, Cbn = cubanite, Dol = dolomite, Fsp = feldspar, Ghn = gahnite, Galena = galena, Grt = garnet, Hem = hematite, 
Ilm = ilmenite, Lo = löllingite, Mag = magnetite, Mrc = marcasite, Mc = microcline, Mnz = monazite, Ms = muscovite, 
Ag = native silver, Plag = plagioclase, Pbs = polybasite, Prs = proustite, Py = pyrite, Po = pyrrhotite, Qz = quartz, Rt = 
rutile, Ser = sericite, Sil = sillimanite, Sp = sphalerite, St = staurolite, Tnt = tennantite, Ttr = tetrahedrite, Tour = 
tourmaline
Table A1 (Cont.) 
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Deposit Western 
Long.
Sample JB-10-127
Qz XXXX
Ghn XXXX
Ser
Bt XXX
Ms
Chl XXX
Grt
Sil
Fsp
Plag
St
Ap
Tour
Mc
Mnz X
Mag
Ilm
Rt
Sp XX
Gn XX
Po XXX
Ccp XX
Py
Mrc
Apy
Hem
Ttr
Tnt
Dol
Lo
Cbn
Ac
Ag
Prs
Pbs
Notes:  Mineral abundance: XXXX = > 10%, XXX = 1-10%, XX = < 1%, X = trace; All mineral abbreviations after 
Whitney and Evans (2010); Ac = acanthite, Ap = apatite, Apy = arsenopyrite, Bt = biotite, Ccp = chalcopyrite, Chl = 
chlorite, Cbn = cubanite, Dol = dolomite, Fsp = feldspar, Ghn = gahnite, Galena = galena, Grt = garnet, Hem = hematite, 
Ilm = ilmenite, Lo = löllingite, Mag = magnetite, Mrc = marcasite, Mc = microcline, Mnz = monazite, Ms = muscovite, 
Ag = native silver, Plag = plagioclase, Pbs = polybasite, Prs = proustite, Py = pyrite, Po = pyrrhotite, Qz = quartz, Rt = 
rutile, Ser = sericite, Sil = sillimanite, Sp = sphalerite, St = staurolite, Tnt = tennantite, Ttr = tetrahedrite, Tour = 
tourmaline
Table A1 (Cont.) 
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PETROGRAPHIC DESCRIPTIONS OF GAHNITE-BEARING ROCKS, BROKEN HILL 
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Sample Number: JB-10-002 
Sample Location: Stirling Hill 
Depth:  Surface outcrop 
Rock Type:  Blue-quartz-gahnite rock 
Sample Description: Isolated grains of gahnite occur in a quartz host, and are rimmed by sericite and 
locally intergrown with secondary staurolite and biotite.  Gahnite shows two different green colors. It is 
unclear, whether or not they formed at different times since they are not in contact with each other or 
whether the difference in colors is an artifact of the way the sample was polished or differences in 
composition.  
 
Mineral Proportions: 
Mineral Name Proportion 
Quartz ~75% 
Gahnite ~20% 
Biotite ~trace 
Sericite ~2% 
Staurolite ~3% 
Sphalerite ~trace 
Pyrrhotite ~trace 
 
Subhedral, pastel green gahnite (~0.25 to 1.6 mm in size) is hosted in quartz. This sample contains two 
distinct generations of gahnite, defined from one another by a difference in color (photos 1 and 2).  One 
generation is forest green in color and subhedral in shape while the other is pastel green and subhedral-
anhedral in shape. Pastel green gahnite is pervasively fractured, and surrounded by a rim of sericite 
(~0.05 mm wide). Fractures are infilled with sericite. Gahnite is locally associated with staurolite (Photos 
3 and 4), which is likely secondary, and formed during the Delamerian event. Dominated by sphalerite 
and pyrrhotite, metallic minerals are disseminated throughout the sample. Disseminated pyrrhotite is 
oxidised and rimmed by secondary hematite. Fracture planes within gahnite are lined with tiny opaque 
inclusions (likely hematite or secondary sphalerite).  These inclusions likely formed as exsolution 
products of gahnite, or by oxidation or sulphidation during retrograde metamorphism.      
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Photomicrographs: 
 
Two adjacent grains of gahnite (Ghn) in a quartz host (Qz) exhibit a clear difference in color; possibly 
reflecting differences in trace elemental concentrations, or their formation at different times of formation. 
Both varieties of gahnite were partially replaced by secondary sericite (Ser) 
Plane-polarised transmitted light 
Photo 1 
 
 
Same view as photo 545, note the secondary rims of biotite (Bt) and sericite (Ser) around gahnite 
Cross-polarised transmitted light 
Photo 2 
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Gahnite in quartz adjacent to staurolite; both staurolite (St) and sericite formed during the retrograde 
metamorphic history 
Plane-polarised transmitted light  
Photos 3 
 
           Same view as photo 543 
Cross-polarised transmitted light 
Photo 4 
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Sample Number: JB-10-003 
Sample Location: Stirling Hill 
Depth:  Surface outcrop 
Rock Type: Blue quartz-gahnite rock 
Rock Description: Isolated grains of gahnite in a quartz matrix are thickly rimmed by retrograde sericite 
and locally overgrown by secondary staurolite. 
 
Mineral Proportions: 
Mineral Name Proportion 
Quartz ~65% 
Gahnite ~20% 
Biotite ~10% 
Sericite ~4% 
Staurolite ~1% 
Chalcopyrite ~trace 
Sphalerite ~trace 
 
 
Anhedral grains of pale-green gahnite (0.5 to 1.0 mm in size) exist both independently and intergrown 
with biotite in a quartz matrix.  Gahnite interiors are pervasively fractured, with fracture planes lined by 
accumulations of cruciform opaque minerals (iron oxides) and retrograde sericite.  Gahnites are locally 
surrounded by erratically oriented retrograde sericite (~0.10 mm in thickness), and, in places, are 
overgrown by prismatic grains of secondary staurolite (~0.20 mm in length), which likely formed during 
the Delmarian orogenic event (Photos 5 and 6).   
 
In places, gahnite (~0.25 mm in diameter) is intergrown with coarse biotite (~0.25 mm in length)  have 
poikiloblastic cores, riddled with inclusions of quartz (submicroscopic to 0.02 mm in diameter), which 
locally define sector zoning within grains (photo 7 and 8).  
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Photomicrographs: 
 
 
Gahnite (Ghn) in a quartz (Qtz) matrix is thinly rimmed by retrograde sericite (Ser) and locally 
overprinted by secondary staurolite (St) 
Plane-polarized transmitted light 
Photo 5 
 
 
Same view as photo 629 
Cross-polarized transmitted light 
Photo 6 
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Biotite intergrown with poikilolitic gahnite with interiors containing inclusions of quartz, which define 
localized sector zoning  
Plane-polarized transmitted light 
Photo 7 
 
 
Same view as photo 631 
Cross-polarized transmitted light 
Photo 8 
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Sample Number: JB-10-004 
Sample Location: Stirling Hill 
Depth:  Surface outcrop 
Rock Type: Quartz-gahnite rock 
Rock Description: Isolated gahnite in a quartz matrix are pervasively fractured.  Fractures planes are 
lined by accumulations of cruciform opaque minerals (likely iron oxide). 
 
Mineral Proportions:  
Mineral Name Proportion 
Quartz ~80% 
Gahnite ~15% 
Hematite ~5% 
Ilmenite ~trace 
Pyrrhotite ~trace 
Chalcopyrite ~trace 
 
Anhedral green gahnite (~0.10 to 1.5 mm in diameter) are hosted a quartz matrix.  Gahnite interiors are 
pervasively fractured, and containcruciform opaque minerals. The highest concentrations of opaque 
inclusions line fracture planes (photos 9 and 10). These opaque minerals are likely an iron oxide produced 
either through exsolution during retrograde metamorphism or oxidation associated with tectonic 
exhumation in the presence of meteoric water.  In places, gahnite is intergrown with disseminations of 
ilmenite (~0.3 mm in length).   
 
Trace amounts of pyrrhotite and chalcopyrite (~0.05 mm in diameter) are disseminated throughout the 
section, predominantly occurring as isolated grains in quartz, but with lesser amounts as inclusions within 
gahnite.  
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Photomicrographs: 
 
 
Irregular grains of gahnite (Ghn) hosted in quartz (Qtz) matrix.  Gahnite interiors are pervasively 
fractured, with fracture planes lined with cruciform opaque minerals 
Plane-polarized transmitted light 
Photo 9 
 
 
Same view as photo 647 
Cross-polarized transmitted light 
Photo 10 
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Sample Number: JB-10-006  
Sample Location:  Stirling Hill 
Depth: Surface outcrop 
Rock Type: Quartz-gahnite-garnet rock 
Sample Description:  Isolated grains of gahnite in a quartz matrix are locally intergrown with garnet. 
 
Mineral Proportions: 
Mineral Name Proportion 
Quartz ~85% 
Gahnite ~8% 
Garnet ~6% 
Sericite <1% 
Magnetite <1% 
Chalcopyrite <1% 
Pyrrhotite <1% 
 
Anhedral, green gahnite (~0.10 to 1.0 mm in diameter) occurs as isolated grains in a quartz matrix. 
Gahnite interiors have been partially replaced by fine aggregates of sericite, and contain erratic inclusions 
of quartz (~0.02 mm in diameter) and submicroscopic opaque minerals (likely sphalerite or iron oxide) 
(photos 11 and 12).  Opaque inclusions are cruciform in shape and markedly decrease in concentration 
from grain cores to rims.  Gahnite coexists with, and is in apparent textural equilibrium with anhedral 
grains of pale-pink garnet (~0.05 to 0.25 mm) (photos 13 and 14).  
 
Trace amounts of pyrrhotite, chalcopyrite, and magnetite (~0.5 to 0.12 mm in diameter) are disseminated 
throughout the section. 
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Photomicrographs: 
 
 
A corroded grain of gahnite (Ghn) exhibits minor sector zoning, defined by small inclusions of rounded 
quartz (Qtz) 
Plane-polarized transmitted light 
Photo 11 
 
 
Same view as photo 535.  Gahnite interiors have been partially replaced by fine aggregates of sericite 
(Ser) 
Cross-polarized transmitted light 
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Photo 12 
 
Grains of gahnite intergrown with anhedral garnet (Grt) 
Plane-polarized transmitted light 
Photo 13 
 
 
Same view as photo 537 
Cross-polarized transmitted light 
Photo 14 
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Sample Number: JB-10-007A 
Sample Location: Stirling Hill  
Depth: Surface outcrop 
Rock Type:  Blue quartz -garnet-gahnite rock 
Rock Description: A quartz-garnet-gahnite rock; garnet and gahnite are in textural equilibrium and likely 
formed at the same time.  The sample also contains apatite and tourmaline.   
 
Mineral Proportions: 
Mineral Name Proportion 
Quartz ~55% 
Garnet ~25% 
Gahnite ~12% 
Biotite ~6% 
Sericite ~2% 
Sphalerite ~trace 
Galena ~trace 
Apatite ~trace 
Tourmaline ~trace 
 
Subhedral to anhedral, pastel pink garnet (>6.4 mm in size), hosted in quartz, is locally fractured and 
forms granular masses (photo 15).  Garnet and gahnite contain inclusions of one another, the grain 
margins of which are sharp, suggesting textural equilibrium between the two (photos 16, 17, 18, and 19).  
Garnet locally contains inclusions of muscovite and rounded quartz. 
 
Subhedral, forest green gahnite (up to 1.66 mm in size) occurs with garnet and as isolated grains in a 
quartz host (photo 556).  Grains associated with garnet are non-fractured, and exhibit minor retrograde 
seritization. Grains isolated within quartz are euhedral to subhedral in shape and weakly fractured in one 
direction. 
 
Trace amounts of galena, pyrrhotite, and sphalerite are disseminated throughout the section, occurring in 
the quartz host, as well as inclusions within garnet and gahnite grains. 
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Photomicrographs: 
 
 
Garnet (Ghn) is intensely fractured and forms granular masses that are interstitially filled by quartz 
(Qz).Garnet contains inclusions of gahnite (Ghn)   
Plane-polarised transmitted light  
Photo 15 
 
 
Garnet with gahnite inclusions; the contact between the two is sharp implying textural equilibrium 
Plane-polarised transmitted light  
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Photo 16 
 
 
A grain of gahnite with a garnet core, isolated in quartz 
Plane-polarised transmitted light  
Photo 17 
 
 
Gahnite in textural equilibrium with garnet 
Plane-polarised transmitted light  
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Photo 18 
 
 
Gahnite and garnet containing inclusions of one another, implying the two formed in textural equilibrium 
Plane-polarised transmitted light  
Photo 19 
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Sample Number: JB-10-010 
Sample Location: Potosi Pit Mine Dump 
Depth: Mine dump 
Rock Type: Quartz-gahnite rock 
Rock Description: A quartz-gahnite rock; coarse gahnite (up to 8.0 mm in diameter) are rimmed by thick 
accumulations of retrograde muscovite and chlorite. 
 
Mineral Proportion: 
Mineral Name Proportion 
Quartz ~70% 
Gahnite ~25% 
Muscovite ~3% 
Chlorite ~2% 
Pyrrhotite ~trace 
 
Anhedral, pale-green gahnite (~1.5 to 8.0 mm in diameter) occur in a quartz matrix.  Gahnite interiors are 
heavily fractured, with fracture planes are lined by fine aggregates of sericite, chlorite, and cruciform 
opaque minerals (submicroscopic to ~0.02 mm in size) which are likely an iron oxide or sphalerite.  
Locally grains of gahnite host irregular inclusions of quartz (0.5 mm in diameter) as well as trace amounts 
of pyrrhotite and chalcopyrite.  Gahnite-quartz boundaries are marked by accumulations of coarse 
retrograde muscovite and chlorite (~0.05 to 0.25 mm thick) (photos 20 and 21). 
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Photomicrographs: 
 
 
Large grains of gahnite (Ghn) in a quartz (Qtz) matrix.  Gahnite-quartz contacts are marked by thick 
accumulations of erratically oriented retrograde chlorite (Chl) and muscovite (Ms) 
Plane-polarized transmitted light 
Photo 20 
 
 
Same view as photo 616 
Cross-polarized transmitted light 
Photo 21 
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Sample Number: JB-10-013  
Sample Location: Potosi Pit Mine Dump 
Depth: Mine dump 
Rock Type: Quartz-gahnite rock  
Rock Description: A blue quartz-gahnite rock; gahnite is rimed by thick accumulations of retrograde 
sericite and is locally intergrown with coarse biotite, muscovite, and disseminations of chalcopyrite, 
pyrrhotite, and galena. 
 
Mineral Proportion: 
Mineral Name Proportion 
Quartz ~72% 
Gahnite ~10% 
Muscovite ~5% 
Biotite ~3% 
Chalcopyrite ~3% 
Pyrrhotite ~3% 
Galena ~1% 
Ilmenite ~1% 
Sphalerite ~1% 
Apatite ~1% 
 
Anhedral grains of pale-green gahnite (0.20 to 1.5 mm in diameter) occur in a quartz matrix, and are 
surrounded by thick accumulations of retrograde muscovite and biotite (up to ~0.05 mm thick).  Fracture 
crosscut gahnite interiors, and host thick accumulations of retrograde sericite (photos 22 and 23).   
Gahnite interiors also contain intergrowths of primary quartz (< 0.05 mm).  Disseminated pyrrhotite, 
chalcopyrite, sphalerite, and galena occur adjacent to and as inclusions within gahnite (Photos 24, 25 and 
26).  Trace amounts of sulfide minerals occur independently of gahnite and as isolated disseminations in 
quartz.  These disseminations are multiphase and are dominated by pyrrhotite and chalcopyrite with 
subordinate amounts of galena and lesser sphalerite (~0.25 mm in diameter).   Locally, single-phase 
disseminations of corroded ilmenite (~1.0 mm in length) are surrounded by clusters coarse biotite (Photos 
27 and 28).    
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Photomicrographs: 
 
 
Corroded grains of gahnite (Ghn) surrounded by coarse blades of retrograde sericite (Ser) in a quartz 
(Qtz) matrix 
Plane-polarized transmitted light  
Photo 22 
 
 
Same view as photo 618 
Cross-polarized transmitted light 
Photo 23 
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Grains of gahnite in quartz, surrounded by coarse muscovite (Ms), biotite (Bt), pyrrhotite (Po), galena 
(Gn), and chalcopyrite (Ccp) 
Plane-polarized transmitted light 
Photo 24 
 
 
Same view as photo 620 
Cross-polarized transmitted light 
Photo 25 
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Same view as photos 620 and 621 
Plane-polarized reflected light 
Photo 26 
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Disseminations of chalcopyrite and corroded ilmenite (Ilm).  Ilmenite is surrounded by erratically 
oriented blades of biotite 
Plane-polarized transmitted light 
Photo 27 
 
 
Same view as 623 
Plane-polarized reflected light 
Photo 28 
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Sample Number: JB-10-015 
Sample Location: Stirling Hill 
Depth: Surface outcrop 
Rock Type:  Blue quartz-gahnite rock 
Sample Description:  A quartz-gahnite rock, in which gahnite grains are riddled with irregular quartz 
inclusions.  The sample contains tabular disseminated ilmenite with exsolution lamellae of magnetite. 
 
Mineral Proportions: 
Mineral Name Proportion 
Quartz ~50% 
Gahnite ~40% 
Biotite ~5% 
Muscovite ~2% 
Ilmenite ~2% 
Magnetite ~1% 
  
Anhedral, pale green gahnite (~0.25mm in size) that occurs as isolated grains in quartz or as irregular 
clusters (up to 12 mm in size). Corroded and interlocking grains of gahnite contain numerous irregular 
quartz inclusions (Photo 29). Gahnite-quartz contacts are marked by the presence of pale yellow biotite 
and blades of retrograde sericite. In addition to quartz, gahnite contains biotite and anhedral 
disseminations of unidentified sub-microscopic opaque inclusions (likely ilmenite with magnetite 
lamellae). Tabular ilmenite with magnetite lamellae opaques are disseminated throughout the section. 
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Photomicrographs: 
 
Gahnite (Ghn) intergrown with biotite (Bt) in a quartz (Qz) host; gahnite contains irregular inclusions of 
quartz   
Plane-polarised transmitted light 
Photo 29 
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Sample Number: JB-10-018 
Sample Location: Henry George  
Hole: PPN-094 
Depth: 222.6 meters  
Rock Type: Blue quartz-gahnite rock 
Rock Description: A quartz-gahnite rock; gahnite is rimmed by thick accumulations of retrograde 
muscovite, chlorite, and biotite.   
 
Mineral Proportion: 
Mineral Name Proportion 
Quartz ~64% 
Gahnite ~30% 
Muscovite ~3% 
Sericite ~2% 
Sillimanite ~1% 
Pyrrhotite ~trace 
Chlorite ~trace 
Biotite ~trace 
K-Feldspar ~trace 
 
Anhedral grains of pale-green gahnite (0.10 mm to 5.0 mm in diameter) have corroded rims, fractured 
interiors, and occur in a quartz matrix.  Both gahnite rims and fracture-planes host accumulations (up to 
~0.25 mm thick) of retrograde muscovite, chlorite, and biotite (photo 30 and 31).  Gahnite interiors 
contain irregular intergrowths of quartz (~0.02 to 0.10 mm in diameter) and, locally, anhedral inclusions 
of pyrrhotite (~0.10 mm in length). 
  
Locally, an anhedral grain of pale-green grain gahnite (~0.20 mm in diameter) is intergrown with a large, 
relict grain of K-feldspar (~5.0 mm in length).  K-feldspar has been largely replaced by fine aggregates of 
retrograde sericite and secondary muscovite.  The relative proportion of retrograde sericite in K-feldspar 
increases towards gahnite contacts (photo 32 and 33).   
 
Trace amounts of sillimanite exhibit a fibrolite texture, and occur as trains in quartz (~3.2 mm in length).  
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Photomicrographs: 
 
 
Corroded grains of gahnite (Ghn) in quartz (Qtz), surrounded by thick accumulations of retrograde 
muscovite (Ms)  
Plane-polarized transmitted light 
Photo 30 
 
 
Same view as photo 625 
Cross-polarized transmitted light 
Photo 31 
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Corroded grains of gahnite, intergrown with quartz and relict grains of K-feldspar (Kfs).  Gahnite-K-
feldspar contacts are marked by secondary muscovite and sericite (Ser)  
Plane-polarized transmitted light 
Photo 32 
 
 
Same view as photo 627 
Cross-polarized transmitted light 
Photo 33 
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Sample Number: JB-10-020 
Sample Location: Henry George 
Hole: PPN-094 
Depth: 223.0 meters 
Rock Type:  A sulfide-bearing microcline-gahnite-garnet rock 
Sample Description:  Relict microcline intergrown with corroded gahnite, garnet, and disseminated 
sulfides (dominated by sphalerite with subordinate chalcopyrite and lesser pyrrhotite).  
 
Mineral Proportions: 
Mineral Name Proportion 
Sericite ~32% 
Microcline ~15% 
Chlorite ~11% 
Gahnite ~10% 
Sphalerite ~8% 
Biotite ~6% 
Plagioclase ~5% 
Quartz ~5% 
Chalcopyrite ~4% 
Garnet ~2% 
Pyrrhotite ~2% 
Ilmenite ~trace 
Arsenopyrite ~trace 
Carbonate Material ~trace 
 
Retrograde sericite and chlorite comprise roughly 40 percent of the section, replacing grains of 
microcline, plagioclase feldspar, and gahnite.  Although they are nearly fully replaced in some places, 
relict grains of microcline (up to 4 mm in length) are relatively abundant (photo 34) and are locally 
intergrown with pale-pink garnet (~1.5 mm in diameter), gahnite, and disseminated sulfides (sphalerite 
with subordinate chalcopyrite and lesser pyrrhotite).  Gahnite-microcline contacts are marked by the 
presence of retrograde sericite (up to 1.5 mm in thickness).  Corroded gahnite (~0.25 to 2.5 mm in 
diameter) is fractured and partially replaced by fine aggregates of sericite, muscovite, and chlorite (Photo 
35 and 36).  Fracture planes are lined by pale-yellow sphalerite, which locally replaced gahnite during 
retrograde metamorphism and associated brittle deformation (Photos 37 and 38). 
 
Disseminations of blood-red sphalerite (~1.6 to 2.5 mm in length) contain blebby intergrowths of 
chalcopyrite, pyrrhotite, and galena occur throughout the section.  Contacts between gahnite and 
sphalerite are marked by thick accumulations of sericite and chlorite (Photos 39 and 40).   
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Photomicrographs: 
 
 
A relict grain of microcline (Mc), partially replaced by fine aggregates of sericite (Ser) during retrograde 
metamorphism and associated brittle deformation 
Cross-polarized transmitted light 
Photo 34 
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A corroded gahnite (Ghn) intergrown with quartz (Qtz) and microcline is surrounded coarse aggregates of 
retrograded sericite, muscovite (Ms), and chlorite (Chl).   
Plane-polarized transmitted light 
Photo 35 
 
 
Same view as photo 51.  Note that gahnite is pervasively fractured, with fine aggregates of sericite lining 
fracture planes 
Cross-polarized transmitted light  
Photo 36 
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Same view as photo 39 at lower magnification.   
Plane-polarized transmitted light 
Photo 37 
 
 
Same view as photo 37.  Note the abundance of sphalerite lining fracture planes 
Plane-polarized reflected light 
Photo 38 
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An intensely fractured grain of gahnite, separated from disseminated sphalerite by coarse blades of 
chlorite.   
Plane-polarized transmitted light 
Photo 39 
 
 
Same view as photo 39.  Note the accumulation of retrograde sericite along fracture planes 
Cross-polarized transmitted light 
Photo 40 
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Sample Number: JB-10-022 
Sample Location: Henry George 
Hole: PPN-094 
Depth: 295.3 meters 
Rock Type: Massive sulphide mineralisation adjacent to gahnite-quartz-sericite-microcline gangue 
Sample Description:  Massive sulphide mineralisation is dominated by sphalerite, with subordinate 
chalcopyrite, galena, and pyrrhotite.  Sulphides are rimmed by gahnite, quartz, sericite and a vein of Pb-
rich microcline.   
 
Mineral Proportions: 
Mineral Name Proportion 
Microcline  ~25% 
Garnet ~5% 
Gahnite ~10% 
Biotite ~5% 
Sericite ~5% 
Galena ~5% 
Sphalerite ~33% 
Chalcopyrite ~2% 
Pyrrhotite ~3% 
Monazite ~trace 
Quartz ~7% 
Rutile ~trace 
Dolomite ~trace 
 
Subhedral to anhedral pale green gahnite (~0.65 to 1.0 mm in size) occurs both inside of and as a 
selvedge around sulphides.  Gahnite hosted in massive sulphides occurs locally within sphalerite and 
quartz. Grains are fractured and intimately associated with and crosscut by coarse biotite.  Biotite is also 
intergrown with retrograde sericite that forms rims around gahnite, that latter of which occurs along 
gahnite-sulphide grain contacts (photo 41).   
 
Anhedral, pale green gahnite (~1.0 mm in size), accompanied by an assemblage of quartz and subordinate 
dolomite, form a selvedge around sulphides.  The gahnite-quartz selvedge is sandwiched between massive 
sulphides and an intergrowth of amazonite and quartz.  Gahnite is also in textural equilibrium with 
massive sulphides and exhibits a symplectite-like texture (photo 42) with quartz-feldspar. Subhedral, pale 
green gahnite (0.26 to 0.98 mm in size) occurs in intergrown quartz and feldspar where it also contains 
quartz inclusions. Sulphides are dominated by sphalerite with subordinate amounts of anhedral galena, 
pyrrhotite and chalcopyrite.  
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Photomicrographs: 
 
 
Gahnite (Ghn) in quartz filled with quartz (Qz) and rimmed by sericite (Ser), hosted within massive 
sphalerite (Sp) 
Plane-polarised transmitted light  
Photo 41 
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Gahnite with a symplectite texture sandwiched between massive sulphides and microcline (Mc) and 
quartz (Qz).  Note how the symplectite texture is oriented towards the microcline, indicating a reaction 
upon emplacement of quartz  
Plane-polarised transmitted light  
Photo 42 
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Sample Number: JB-10-027 
Sample Location: Henry George 
Hole: PPN-094  
Depth: 300.05 meters 
Rock Type: A sulfide bearing quartz-gahnite rock 
Rock Description:  Massive-sulfide mineralization transitions to intergrown disseminations of sphalerite 
and gahnite, which abruptly contacts quartz-gahnite rock. 
 
Mineral Proportion: 
Mineral Name Proportion 
Quartz ~66% 
Gahnite ~17% 
Sphalerite ~9% 
Sericite ~4% 
Ilmenite ~1% 
Chlorite  ~1% 
Muscovite ~1% 
Chalcopyrite ~trace 
Pyrrhotite ~trace 
Apatite ~trace 
Biotite ~trace 
 
Massive and disseminated sulfides (dominated by sphalerite with lesser pyrrhotite and chalcopyrite), are 
intergrown with gahnite and retrograde chlorite in a quartz matrix.  Disseminated sulfides decrease in 
relative abundance away from massive sulfide mineralization, and become abruptly absent at a knife-edge 
contact with a quartz-gahnite-ilmenite assemblage.   
 
Gahnite occurs in two forms: 
 
1) Anhedral pale-green gahnite (~0.05 to 0.25 mm in diameter) is intergrown with disseminated 
sphalerite and surrounded by thick accumulations of retrograde sericite and chlorite (Photos 43, 
44 and 45).  Gahnite locally contains intergrowths of quartz (~0.02 mm in diameter) and 
sphalerite (~<0.01 mm in length).        
2) Anhedral gahnite (~0.05 to 0.25 mm in diameter) occurs both independently and as interlocking 
clusters (~1.5 mm in diameter) in a quartz matrix.  Grains of gahnite contain intergrowths of 
quartz (submicroscopic to ~0.01 mm in diameter) and ilmenite (~0.05 mm in diameter).  Gahnite-
quartz contacts are fresh, and relatively barren of retrograde sericite (Photo 46, 47 and 48).   
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Photomicrographs: 
 
 
Corroded gahnite (Ghn) surrounded by thick accumulations of retrograde sericite (Ser) and chlorite (Chl) 
and disseminations of  sphalerite (Sp)  
Plane-polarized transmitted light 
Photo 43 
 
 
Same view as photo 669 
Cross-polarized transmitted light 
Photo 44 
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Same view as photos 669 and 671 
Plane-polarized reflected light 
Photo 45 
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Gahnite intergrown with ilmenite in a quartz (Qtz) matrix 
Plane-polarized transmitted light 
Photo 46 
 
 
Same view as photo 672.  Quartz-gahnite contacts are relatively unaltered, with no accumulations of 
retrograde sericite 
 Cross-polarized transmitted light 
Photo 47 
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Same view as photos 672 and 673.  Rounded grains of ilmenite (Ilm) are disseminated throughout the 
section 
Plane-polarized reflected light 
Photo 48 
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Sample Number: JB-10-028 
Sample Location: Henry George 
Hole: PPN-094  
Depth: 307 meters 
Rock Type: Quartz-gahnite rock 
Rock Description: A quartz-gahnite rock; gahnite is intergrown with biotite and trace sulfides 
(pyrrhotite, chalcopyrite, pyrite, and arsenopyrite) and is locally overgrown by secondary staurolite.  
 
Mineral Proportion: 
Mineral Name Proportion 
Quartz ~58% 
Gahnite ~33% 
Pyrrhotite ~3% 
Staurolite ~1% 
Biotite ~1% 
Chalcopyrite ~1% 
K-feldspar ~1% 
Pyrite ~1% 
Apatite ~<1% 
Monazite ~trace 
Arsenopyrite ~trace 
Chlorite ~trace 
 
Subhedral grains of light-green gahnite (~0.3 to 1.0 mm in diameter) contain small intergrowths of 
euhedral biotite (~0.07 mm in length), quartz, and pyrrhotite. Grains are fractured, some pervasively, and 
fracture planes are the sites of localized sericitization.  Grains of gahnite are locally intergrown with 
biotite, monazite (~0.02 to 0.05 mm in diameter), and disseminations of pyrrhotite-chalcopyrite, 
pyrrhotite, arsenopyrite, and sphalerite (photos 49 and 50).  Biotite occurs in two phases: primary and 
secondary: primary grains are euhedral (0.01 to 0.13 mm in length), light tan to orange-brown in color, 
and occur as inclusions in gahnite; whereas anhedral blades of secondary biotite are light tan in color, and 
appear to be an alteration product of gahnite. 
 
Prismatic grains of secondary staurolite (~0.70 mm in length) are accompanied by coarse retrograde 
sericite (up to 0.05 mm thick) and texturally overprint gahnite rims.  Staurolite occurs adjacent to 
anhedral disseminations of pyrrhotite, chalcopyrite, sphalerite and most notably, corroded grains of 
secondary pyrite (Photos 51, 52 and 53).   
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Photomicrographs: 
 
 
Gahnite (Ghn) in a quartz (Qtz) is intergrown with and contains intergrowths of coarse monazite (Mnz) 
and disseminated sphalerite (Sp) 
Plane-polarized transmitted light 
Photo 49 
 
 
Same view as photo 613 
Cross-polarized transmitted light 
Photo 50 
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of gahnite intergrown with quartz, sphalerite, secondary staurolite (Stt) and pyrite (Py) 
Plane-polarized transmitted light 
Photo 51 
 
 
Same view as photo 610.  Note that gahnite is rimmed by retrograde sericite (Ser) and texturally 
overprinted by secondary staurolite 
Cross-polarized transmitted light 
Photo 52 
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Same view as photo 610.  Note that gahnite is intergrown with disseminations of chalcopyrite (Ccp), 
sphalerite, and pyrite.   
Plane-polarized reflected light 
Photo 53 
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Sample Number: JB-10-029 
Sample Location: Henry George 
Hole Number: PPN-095 
Depth: 291 meters 
Rock Type:  Blue quartz-garnet-gahnite rock 
Rock Description: A quartz-garnet-gahnite rock characterized by coarse, intensely fractured garnet that 
is surrounded by secondary biotite, sericite, and chlorite. Gahnite and garnet are intergrown and in 
textural equilibrium.  
 
Mineral Proportions: 
Mineral Name Proportion 
Quartz ~30% 
Garnet ~40% 
Gahnite ~15% 
Biotite ~9% 
Sericite ~2% 
Chlorite ~2% 
Pyrrhotite ~1% 
Sphalerite ~1% 
Monazite ~trace 
Chalcopyrite ~trace 
Arsenopyrite ~trace 
Galena ~trace 
Löllingite ~trace 
 
Anhedral, light pink garnet is locally fractured in a radial pattern.  Fractures are filled with sericite, 
biotite, and chlorite (photo 54 and 55).  Anhedral, green gahnite occurs both within clusters of garnet and 
biotite grains and as isolated grains in quartz. The interior of gahnite locally exhibits a poikiloblastic 
texture, containing numerous quartz inclusions, which increase in density towards the cores of grain 
(Photo 56, 57, and 58).  Inclusion defined cores have a pseudo-euhedral shape, which reflects the 
octahedral crystallographic growth faces of gahnite.  Such a zonation pattern occurs in other samples, and 
may represent either a shift in growth conditions, or multiple growth stages.  
 
Gahnite in garnet-biotite clusters is anhedral in shape and is pervasively fractured.  Like garnet, gahnite 
was replaced by sericite, biotite, and chlorite, (photo 59 and 60).  Gahnite is both rimmed by and 
intergrown within garnet. Disseminated pyrrhotite, sphalerite, and galena, with subordinate amounts of 
chalcopyrite are present in the rim of secondary silicates. Garnet locally contains large primary quartz 
inclusions proximal to grain cores. 
 
Garnet, gahnite and sulphides were initially in textural equilibrium.  During retrograde metamorphism 
and associated brittle deformation biotite, chlorite, and sericite formed, infilling fractures and shattering 
porphyroblasts.  Neither garnet nor gahnite contains inclusions of sulphides.  Biotite and disseminated 
sulphides are also in textural equilibrium. Gahnite was less subject to deformation compared to garnet 
since isolated grains of gahnite contain few internal fractures, and are thinly rimmed by sericite and 
chlorite.    
 
Pyrrhotite and subordinate amounts of galena, chalcopyrite, and sphalerite surround clusters of intergrown 
garnet, gahnite, sericite, biotite.  Phases of sphalerite, chalcopyrite, and pyrrhotite are locally intergrown. 
Sulphides that rim gahnite/garnet porphyroblasts consist of pyrrhotite, chalcopyrite, and sphalerite.  
Where present, grains of arsenopyrite contain löllingite cores. 
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Photomicrographs: 
 
Garnet (Grt) grains are fractured in a radial pattern and are filled with secondary sericite (Ser), biotite 
(Bt), and chlorite (Chl); additional phases present include gahnite (Ghn) and disseminated pyrrhotite 
Plane-polarised transmitted light 
Photo 54 
 
 
The same view as photo 54  
Cross-polarised transmitted light  
Photo 55 
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Isolated grain of poikiloblastic gahnite adjacent to a cluster of intergrown biotite and garnet grains.  Note 
the presence of numerous round quartz inclusions and rare biotite near the core of the garnet and the 
inclusions of monazite (Mnz) in biotite. Secondary sericite formed as a rim around gahnite and along 
cracks in its interior and as partial replacement of sericite within gahnite interiors 
 Plane-polarised transmitted light 
Photo 56 
 
 
Gahnite from photo 56 
 Cross-polarised transmitted light 
Photo 57 
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Gahnite from photos 56 and 57, pyrrhotite (Po) with lesser amounts of sphalerite (Sp) and chalcopyrite 
(Ccp) intergrown with sericite and rimming gahnite 
Plane-polarised reflected light 
Photo 58 
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Relic grains of garnet and gahnite, replaced by biotite, chlorite, and sericite 
Plane-polarised transmitted light  
Photo 59 
 
 
Grain from photo 518  
Cross-polarised transmitted light  
Photo 60 
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Sample Number: JB-10-030 
Sample Location: Henry George 
Hole: PPN-095 
Depth: 293.4 meters 
Rock Type: A sulfide-bearing quartz-gahnite-biotite rock 
Sample Description: A quartz-gahnite-biotite rock, with disseminated sulfides (pyrrhotite with 
subordinate chalcopyrite and arsenopyrite and lesser sphalerite).  Gahnite rims are corroded and locally 
surrounded by coarse retrograde sericite 
 
Mineral Proportions: 
Mineral Name Proportion 
Quartz ~55% 
Gahnite ~20% 
Pyrrhotite ~7% 
Biotite ~5% 
Sericite ~5% 
Chalcopyrite ~3% 
Arsenopyrite ~2% 
Sphalerite ~1% 
Chlorite ~1% 
Apatite ~<1% 
Monazite ~trace 
Ilmenite ~trace 
 
Anhedral gahnite (~0.25 to 3.0 mm in diameter) occurs as both isolated grains in quartz, and intergrown 
with disseminated sulfides.  Isolated grains of gahnite in quartz are surrounded by an envelope of coarse 
retrograde sericite, biotite (up to 0.10 mm thick), and disseminated sulfides (pyrrhotite, sphalerite, and 
chalcopyrite) (Photo 61 and 62). Gahnite interiors are pervasively fractured, and partially replaced with 
retrograde sericite. 
 
Grains of gahnite intergrown with disseminated sulfides (dominated by pyrrhotite with subordinate 
chalcopyrite, sphalerite, and arsenopyrite) lack sericite rims, but are instead surrounded by coarse biotite 
(~0.10 mm in size) and secondary chlorite (photo 63).  Gahnite interiors contain fine intergrowths of 
pyrrhotite, sphalerite, and chalcopyrite (<0.05 mm in diameter). 
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Photomicrographs: 
 
 
Corroded gahnite (Ghn) in a quartz (Qtz) matrix is rimmed by retrograde sericite (Ser), and enveloped by 
disseminated sphalerite (Sp) 
Plane-polarized transmitted light 
Photo 61 
 
 
Same view as photo 517 
Cross-polarized transmitted light 
Photo 62 
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Grains of gahnite intergrown with biotite (Bt) and disseminated sulfides (mainly pyrrhotite (Po) and 
chalcopyrite (Ccp) 
Plane-polarized transmitted light 
Photo 63 
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Sample Number: JB-10-031 
Sample Location: Henry George 
Hole: PPN-095 
Depth: 297.5 meters 
Rock Type: A biotite-garnet-gahnite-sillimanite rock 
Sample Description:  A pelitic unit; contains coarse grains of garnet, gahnite, and secondary staurolite.   
Gahnite and garnet exist in apparent textural equilibrium, and are both intergrown with and contain 
intergrowths of one another, suggesting that gahnite-garnet growth was syngenetic.  Gahnite is locally 
overprinted by secondary staurolite.  
 
Mineral Proportions: 
Mineral Name Proportion 
Garnet ~30% 
Gahnite ~20% 
Biotite ~15% 
Sillimanite ~15% 
Staurolite ~10% 
Quartz ~6% 
Ilmenite ~3% 
Arsenopyrite ~<1% 
Monazite ~<1% 
Galena ~trace 
Chalcopyrite ~trace 
 
Heavily fractured, anhedral grains of pale-pink garnet (up to 1.0 mm in diameter) are intergrown with 
grains of  pale-green gahnite (up to 2.0 mm in diameter), sillimanite, biotite, and secondary staurolite 
(photo 64).  Garnets are fractured to the extent of forming large granular clusters (up to 4.0 mm in 
diameter) (photo 65) and, in places, contain intergrowths of anhedral of gahnite (~0.07 mm in diameter) 
(Photo 66).  
 
Relative to garnet, grains of gahnite are less fractured and have been less susceptible to retrograde 
metamorphism and associated brittle deformation.  Grains of gahnite have irregular rims and  interiors 
that have been partially replaced by fine aggregates of sericite and biotite and contain intergrowths of 
small rounded quartz (~0.01 mm in diameter), monazite (<0.05 mm in diameter), arsenopyrite (<0.1 mm 
in diameter), and garnet. The fact that garnets and gahnites are intergrown, and exist in apparent textural 
equilibrium, suggests that gahnite and garnet are syngenetic, and grew in textural equilibrium.  Secondary 
grains of pale-yellow staurolite (~ 0.7 mm in length) texturally over print and contain inclusions of 
gahnite (photos 67 and 68).  Staurolite locally contains tabular inclusions of ilmenite.  
 
The section is crosscut by a train of coarse sillimanite (~10.0 mm in length), which contains individual 
grains of sillimanite reaching up to 1.5 mm in length.  Prismatic sillimanite blades  are overgrown by 
grains of gahnite (photo 516).  When in contact with sillimanite, rims of gahnite and garnet are corroded 
and largely irregular.   
 
Trace amounts of ilmenite (~0.25 mm in length) are disseminated throughout the section, occurring 
adjacent to garnet, gahnite, biotite, staurolite, and sillimanite.  
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Photomicrographs: 
 
 
Intergrown gahnite (Ghn), biotite (Bt) and shattered garnet (Grt).  Gahnite is texturally overprinted by 
secondary staurolite (Stt). 
Plane-polarized transmitted light 
Photo 64 
 
 
Garnets are intensely fractured, and occur as large granular aggregates 
Plane-polarized transmitted light 
Photo 65 
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Intergrown garnet and gahnite exist in textural equilibrium.  Note that gahnite and garnet contain 
intergrowths of one another, suggesting the two are syngenetic 
Plane-polarized transmitted light 
Photo 66 
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A grain of gahnite overprinted by secondary staurolite  
Plane-polarized transmitted light 
Photo 67 
 
 
Same view as photo 514. 
Cross-polarized transmitted light 
Photo 68 
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Grains of gahnite and garnet intergrown with prismatic sillimanite (Sil) 
Plane-polarized transmitted light 
Photos 69 
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Sample Number: JB-10-033 
Sample Location: Henry George 
Hole: PPN-095 
Depth:  307.3 meters 
Rock Type: A sulfide bearing quartz-gahnite-biotite rock 
Sample Description:  A quartz-gahnite-biotite rock with disseminated sulfides (dominated by sphalerite 
with subordinate pyrrhotite and lesser chalcopyrite) sampled from a contact between high-grade sulfide 
mineralization and the country rock 
 
Mineral Proportions: 
Mineral Name Proportion 
Quartz ~44% 
Sphalerite ~20% 
Gahnite ~10% 
Biotite ~8% 
Garnet ~5% 
Pyrrhotite ~5% 
Pyrite ~3% 
Arsenopyrite ~2% 
Chlorite ~2% 
Chalcopyrite ~1% 
Monazite ~trace 
Galena ~trace 
 
Anhedral, fractured, pale-pink grains of garnet (0.25 to 3.0 mm in diameter) occur in quartz matrix, and 
are intergrown with biotite and disseminated sulfides (dominated by sphalerite with subordinate pyrrhotite 
and lesser chalcopyrite).  Garnet rims and fracture planes host thick accumulations of retrograde sericite 
and chlorite (photos 70 and 71).  Locally, grains of garnet contain intergrowths of and are in textural 
equilibrium with pale-green, anhedral, gahnite (~0.15 mm in diameter).  Gahnite also occurs 
independently from garnet, as isolated grains in a quartz matrix, or as intergrowths with coarse biotite 
(~1.0 mm in length) and disseminated sulfides (sphalerite with subordinate amounts of pyrrhotite, pyrite, 
arsenopyrite and chalcopyrite).  Gahnite-quartz as well as gahnite-sulfide contacts are marked by the 
presence of retrograde sericite and chlorite (Photos 72, 73, and 74).  Locally gahnite contains erratic 
inclusions of rounded quartz (~0.01 mm in diameter), sphalerite, and pyrrhotite.  When adjacent to 
disseminated sulfides (pyrrhotite and chalcopyrite) gahnite is pervasively fractured.  Fracture planes are 
locally lined by disseminated spsecondary shalerite (photos 75 and 76). 
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Photomicrographs: 
 
 
Intergrown gahnite (Ghn), garnet (Grt), biotite (Bt) and disseminated sulfides (pyrrhotite, sphalerite, and 
chalcopyrite) in a quartz (Qtz) matrix.  Quartz inclusions in gahnite display minor sector zoning  
Plane-polarized transmitted light 
Photo 70 
 
 
Same view as photo 547.  Note that fracture planes are lined by fine aggregates of sericite (Ser) 
Cross-polarized transmitted light 
Photo 71 
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Gahnite in a quartz matrix, intergrown with disseminated sulfides (sphalerite (Sp) with lesser chalcopyrite 
(Ccp) and pyrrhotite (Po)).  Gahnite-sphalerite contacts are marked by thick accumulations of secondary 
chlorite (Chl) and sericite (Ser) 
Plane-polarized transmitted light 
Photo 72 
 
 
Same view as photo 549 
Cross-polarized transmitted light 
Photo 73 
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Same view as photos 549 and 550 
Plane-polarized reflected light  
Photo 74 
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Intergrown grains of gahnite, biotite, sphalerite, pyrrhotite, chalcopyrite, and quartz  
Plane-polarized transmitted light 
Photo 75 
 
 
Same view as photo 552.  Note that gahnite is pervasively fractured, with fracture planes lined by 
sphalerite 
Plane-polarized reflected light 
Photo 76 
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Sample Number: JB-10-034 
Sample Location: Henry George 
Hole: PPN-095 
Depth: 308.4 meters 
Rock Type:  Massive sulphides adjacent to a blue quartz-gahnite rock 
Rock Description:  Massive sulphides dominated by sphalerite, with subordinate galena and pyrrhotite, 
with lesser amounts of chalcopyrite.  Sulphides form a sharp contact with a blue quartz-gahnite layer, 
which contains disseminated sphalerite, galena and pyrrhotite. 
   
Mineral Proportions: 
Mineral Name Proportion 
Quartz ~40% 
Gahnite ~10% 
Sphalerite ~25% 
Galena ~15% 
Pyrrhotite ~7% 
Chalcopyrite ~3% 
Biotite ~ Trace  
Ilmenite ~ Trace  
Sericite ~ Trace  
Arsenopyrite ~ Trace  
 
Subhedral to anhedral, pastel green gahnite (~0.25 to 0.55 mm in size) in a quartz host exhibits a blebby 
texture (photo 77) and is thinly rimmed by sericite.  Gahnite is spatially associated with multiphase 
disseminations of sphalerite, pyrrhotite, and chalcopyrite (photo 78). Euhedral, pale green gahnite, 
isolated within massive sulphides, is rimmed by sericite, and locally hosted by coarse sphalerite with 
subordinate amounts of anhedral galena and pyrrhotite (photo 79 and 80).  
 
Metallic minerals are both massive and disseminated, and comprise roughly half of the section. Massive 
base metal mineralisation is dominated by sphalerite and galena, with subordinate amounts of pyrrhotite 
and chalcopyrite. 
 
Isolated base metal disseminations are single or multiphase, locally including isolated sphalerite, 
sphalerite-pyrrhotite-chalcopyrite, pyrrhotite-galena, ilmenite and arsenopyrite.    
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Photomicrographs: 
 
Gahnite (Ghn) in a quartz (Qz) host locally adjacent to disseminated pyrrhotite (Po), gahnite exhibits a 
blebby texture 
Plane-polarised transmitted light  
Photo 77 
 
Gahnite hosted by quartz exhibit a blebby texture, adjacent to massive sphalerite (Sp) with chalcopyrite 
(Ccp) and pyrrhotite 
Plane-polarised transmitted light  
Photo 78 
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Gahnite in massive sulphide mineralisation; the grain is rimmed with sericite (Ser) and contains sulphide 
inclusions 
Plane-polarised transmitted light  
Photo 79 
 
 
The grain of gahnite from photo 526, rimmed by sphalerite (Sp), galena (Gn), chalcopyrite (Ccp), and 
pyrrhotite (Po) 
Plane-polarised reflected light  
Photo 80 
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Sample Number: JB-10-035 
Sample Location: Henry George 
Hole: PPN-095 
Depth: 308.48 meters 
Rock Type:  A sulfide bearing quartz-gahnite-muscovite rock 
Sample Description:  A sharp contact between a sulfide bearing a quartz-gahnite rock and a metapelite 
(quartz-muscovite rock).  Sulfides are dominated by pyrrhotite and chalcopyrite with lesser sphalerite and 
trace arsenopyrite and pyrite. 
 
Mineral Proportions: 
Mineral Name Proportion 
Quartz ~50% 
Muscovite ~30% 
Gahnite ~15% 
Pyrrhotite ~3% 
Chalcopyrite ~2% 
Sphalerite ~<1% 
Microcline ~trace 
Chlorite ~trace 
Arsenopyrite ~trace 
Monazite ~trace 
 
This section was sampled from a sharp contact between a sulfide bearing quartz-gahnite rock and a 
metapelite (quartz-muscovite rock).  Subhedral to anhedral grains of pale-green gahnite (~0.1 mm 
diameter) in the quartz unit occur both independently and intergrown with coarse biotite and disseminated 
sulfides (pyrrhotite, chalcopyrite, and sphalerite).  Locally gahnite is thickly rimmed by sericite and 
surrounded by irregular sphalerite (photos 81 and 82).   Gahnite interiors contain fine intergrowths of 
pyrrhotite and are locally replaced by secondary sericite and chlorite.  Restricted to the gahnite-quartz 
unit, sulfides (dominated by subequal proportions pyrrhotite, sphalerite, and chalcopyrite with trace 
amounts of pyrite and arsenopyrite) occur as both single and multiphase disseminations.   
 
The pelitic unit contains intergrowths of fine (0.25 mm in length) to coarse muscovite (3.2 mm in length), 
quartz, and trace amounts of microcline and monazite.  The pelite hosts two anhedral grains of pale-green 
gahnite (0.8 mm in diameter), that have corroded rims, and interiors that have been partially by retrograde 
sericite (photos 83 and 84).  Sulfides are absent from the metapelite. 
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Photomicrographs: 
 
 
Interlocking grains of gahnite (Ghn), in the sulfide bearing quartz (Qtz) unit, are surrounded by coarse 
muscovite (Ms) and an envelope of irregular sphalerite (Sp)  
Plane polarized transmitted light  
Photo 81 
 
 
Same view as photo 81 
Plane-polarized reflected light 
Photo 82 
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Relict grains of gahnite in the metapelite, surrounded by an assemblage of quartz and muscovite. 
Plane-polarized transmitted light  
Photo 83 
 
 
Same view as photo 83 
Cross-polarized transmitted light  
Photo 84 
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Sample Number: JB-10-037 
Sample Location: Henry George 
Hole: PPN-095 
Depth: 316.2 meters 
Rock Type:  A quartz-biotite-garnet-gahnite rock 
Sample Description:  A quartz-biotite-garnet-gahnite rock sampled from the edge of massive sulfide 
mineralization. Coarse patches of primary biotite host intergrowths of garnet, gahnite and sillimanite.   
 
Mineral Proportions: 
Mineral Name Proportion 
Quartz ~42% 
Biotite ~20% 
Garnet ~15% 
Gahnite ~10% 
Muscovite ~5% 
Sillimanite ~3% 
Sericite ~3% 
Ilmenite ~2% 
Monazite ~<1% 
Pyrite ~trace 
Chalcopyrite ~trace 
 
Large clusters (~8.0 mm in length) of coarse biotite (~0.65 mm in length) contain intergrowths of garnet, 
gahnite, sillimanite, and inclusions of monazite and tabular of ilmenite (up to 0.25 mm in diameter) 
(photos 85 and 86).  Blades of biotite are well aligned and define foliation within the section. 
  
Equigranular grains of pale-pink garnet (~1.5 mm in diameter) occur in biotite, and are intergrown with 
sillimanite, gahnite, and anhedral disseminations of ilmenite.  Grains of garnet are pervasively fractured, 
having a shattered appearance, likely due to the associated effects of retrograde metamorphism and 
associated brittle deformation (photos 87 and 88).   
 
Anhedral grains of green gahnite (~1.0 mm in diameter) are both intergrown with biotite, and occur as 
isolated grains in quartz.  Grains of gahnite are thickly rimmed by retrograde sericite (~0.1 mm thick).  
Gahnites intergrown with biotite have corroded rims and interiors that have been partially replaced by 
secondary biotite.   Gahnite exist in textural equilibrium with garnet, and appear to have once been 
intergrown, but have since been broken apart and separated by the growth of secondary biotite and 
muscovite (photos 576 and 577). Locally gahnite coexists with coarse grains of sillimanite (1.3 mm in 
length) (Photos 85 and 86).   
 
Trace amounts of corroded of pyrite and chalcopyrite are disseminated throughout the sample. 
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Photomicrographs: 
 
 
Corroded gahnite (Ghn), intergrown with coexisting biotite (Bt), prismatic sillimanite (Sil), and anhedral 
garnet (Grt).  Blades of biotite contain inclusions of monazite (Mnz)  
Plane-polarized transmitted light 
Photo 85 
 
 
Same view as photo 574 
Cross-polarized transmitted light 
Photo 86 
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Coexisting biotite, gahnite, garnet, and quartz (Qtz).  Note that garnet interiors are fractured in a radial 
patterm and are infilled by secondary biotite. 
Plane-polarized transmitted light 
Photo 87 
 
 
Same view as 572 
Cross-polarized transmitted light 
Photo 88 
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Intensely fractured grains of gahnite and garnet, with fracture planes lined by coarse blades of secondary 
muscovite (Ms) and biotite 
Plane-polarized transmitted light 
Photo 89 
 
 
Same view as photo 576 
Cross-polarized transmitted light 
Photo 90 
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Sample Number: JB-10-039 
Sample Location: 11:30 
Hole: PPN-106 
Depth: 171.2 meters 
Rock Type:  Sulphide-bearing biotite-garnet-gahnite rock 
Rock Description:  A base metal-rich pelite dominated by an assemblage of massive sphalerite, with 
subordinate pyrrhotite and lesser amounts of arsenopyrite and disseminated chalcopyrite, accompanied by 
biotite, garnet, and gahnite. This sample is relatively unique in that biotite is relatively abundant and is 
uniformly interspersed throughout the sulphides.   
 
Mineral Proportions: 
Mineral Name Proportion 
Biotite ~22% 
Quartz ~5% 
Garnet ~18% 
Gahnite ~7% 
Feldspar ~2% 
Sphalerite ~35% 
Pyrrhotite ~9% 
Arsenopyrite ~1% 
Chalcopyrite ~1% 
Monazite ~trace 
 
Anhedral, pale-pink garnet (~0.05 mm to 1.6 mm in size) exhibits a granular texture, forming in irregular 
masses.  Garnets contain small inclusions of sphalerite, biotite, and sericite.  
 
Pale green, subhedral gahnite (~0.5 to 1.3 mm in size) is pervasively fractured, and locally rimmed by 
biotite and sericite. Gahnite occurs locally adjacent to garnet (photos 91 and 92), and contains inclusions 
of sphalerite, pyrrhotite, and disseminated chalcopyrite.  Gahnite is in textural disequilibrium with biotite, 
since grains of gahnite are corroded and were partially replaced by biotite (photos 93, and 94).  
Dominated by massive sphalerite, with subordinate amounts of pyrrhotite with lesser amounts of 
arsenopyrite and disseminated chalcopyrite, metallic minerals comprise roughly half of the polished-thin 
section.      
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 Photomicrographs: 
 
 
Coexisting gahnite (Ghn), biotite (Bt), garnet (Grt), and sphalerite (Sp) with secondary sericite (Ser) 
surrounding gahnite.  Biotite contains inclusions of monazite (Mnz) 
Plane-polarised transmitted light 
Photo 91 
 
Gahnite and garnet surrounded by biotite with the last mineral being intergrown with sphalerite 
Plane-polarised transmitted light 
Photo 92 
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Corroded gahnite replaced by biotite and sphalerite. Biotite contains inclusions of monazite.                                      
Plane-polarised transmitted light  
Photo 93 
 
 
Same view as photo 508  
Plane-polarised transmitted light  
Photo 94 
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Sample Number: JB-10-040  
Sample Location: 11:30 
Hole: PPN-106 
Depth:  171.65 meters 
Rock Type:  A sulfide-bearing biotite-garnet-gahnite rock 
Sample Description:  A biotite-gahnite-garnet rock sampled from a contact between base metal 
mineralization and the country rock.  Gahnite grains are riddled with opaque inclusions (dominated by 
ilmenite with subordinate pyrrhotite and chalcopyrite).  Sulfides throughout the section are mainly 
pyrrhotite, with lesser chalcopyrite and trace sphalerite and pyrite.  
 
Mineral Proportions: 
Mineral Name Proportion 
Biotite ~30% 
Gahnite ~37% 
Garnet ~15% 
Pyrrhotite ~5% 
Ilmenite ~4% 
Chalcopyrite ~3% 
Microcline ~3% 
Quartz ~2% 
Monazite ~1% 
Sphalerite ~trace 
Chlorite ~trace 
Pyrite ~trace 
 
Anhedral grains of pale-green gahnite (~0.20 to1.3 mm in diameter) are intergrown with biotite, and have 
interiors that have been partially replaced by sericite.  Gahnite also contains intergrowths of an 
assemblage of opaque minerals (submicroscopic to 0.05 mm in diameter), predominantly ilmenite, with 
subordinate pyrrhotite and chalcopyrite (photos 95 and 96).  Locally, gahnite grains have grain cores of 
anhedral ilmenite (~0.05 mm in diameter) (photo 97).  In addition to biotite, gahnites coexist with 
corroded microcline, secondary chlorite, quartz, and garnet (photos 98 and 99). Corroded, anhedral grains 
of pale-pink garnet (~0.25 to1.5 mm in diameter) are pervasively fractured, and appear granular in texture 
(photo 100). Gahnite-garnet contacts are sharp, and suggest textural equilibrium. 
 
A multiphase dissemination of primary pyrite, chalcopyrite, and sphalerite is surrounded by biotite and 
adjacent to gahnite.  This is rare because pyrite is usually secondary (photo 101).  Pyrrhotite occurs as 
both single and multiphase disseminations with chalcopyrite.  Corroded grains of ilmenite are surrounded 
by coarse biotite and are variably associated with gahnite (photo 102). 
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Photomicrographs: 
 
 
Corroded grains of gahnite (Ghn), intergrown with biotite (Bt) and quartz (Qtz), are riddled with opaque 
inclusions (chalcopyrite (Ccp), ilmenite (Ilm), and pyrrhotite (Po)), giving gahnite interiors a dusty 
appearance 
Plane-polarized transmitted light 
Photo 95 
 
 
Same view as photo 20 
Plane-polarized reflected light 
Photo 96 
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Gahnite intergrown with biotite, quartz, and disseminated ilmenite.  Some grains of gahnite have ilmenite 
cores 
Plane-polarized transmitted light 
Photo 97 
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Grains of gahnite intergrown with relict grains of microcline (Mc) and biotite contain inclusions of 
ilmenite and are rimmed by sericite (Ser) 
Plane-polarized transmitted light  
Photo 98 
 
 
Same view as photo 24 
Cross-polarized transmitted light 
Photo 99 
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Fractured grains of garnet (Grt) intergrown with corroded gahnite and biotite.  Biotite contains inclusions 
of monazite (Mnz). 
Plane-polarized transmitted light 
Photo 100 
 
 
A dissemination of corroded pyrite (Py) intergrown with disseminated sphalerite (Sp) and chalcopyrite 
(Ccp) 
Plane-polarized reflected light 
Photo 101 
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An irregular dissemination of ilmenite, intergrown with biotite and gahnite 
Plane-polarized transmitted light 
Photo 102 
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Sample Number: JB-10-041 
Sample Location: 11:30 
Hole:  PPN-106 
Depth: 171.7 meters 
Rock Type:  Biotite-garnet-gahnite rock 
Rock Descripion:  A biotite-garnet-gahnite rock, in which gahnite is corroded and intimately associated 
with biotite.  Base metals are minor and disseminated throughout the section. 
 
Mineral Proportions 
Mineral Name Proportion 
Quartz ~40% 
Biotite ~20% 
Muscovite ~10% 
Garnet ~13% 
Gahnite ~12% 
Feldspar ~3% 
Pyrrhotite ~2% 
Chlorite ~trace 
Chalcopyrite ~ trace  
Arsenopyrite ~ trace 
Sphalerite ~ trace 
Ilmenite ~ trace 
Monazite ~ trace 
Pyrite ~ trace 
Magnetite ~ trace 
 
Anhedral, pale pink garnet (~1.65 mm in size) is equigranular and intimately associated with biotite.  
Garnet is also intensely fractured, forming irregular granular clusters. Subhedral to anhedral, pale green 
gahnite (0.19-1.40 mm in size) hosted in coarse biotite has corroded rims, and interiors preferentially 
replaced by aggregates of biotite and sericite.  Gahnite in photos 103 and 104 demonstrate preferential 
biotite replacement parallel to the octahedral growth faces of gahnite.  Gahnite is pervasively fractured 
and contains numerous inclusions of quartz.  Anhedral, pale green gahnite (~0.125 mm in size), isolated 
within quartz, is pervasively fractured and contains inclusions of biotite.   
 
Two generations of biotite are present; primary biotite is dark brown in color and locally contains 
inclusions of monazite while secondary biotite generally has a candy apple color, and locally crosscuts 
primary biotite and gahnite. 
 
Metallic minerals are minor, and locally occur in fine-grained quartz and gahnite, the latter of which host 
fine inclusions of disseminated sphalerite and pyrrhotite.  Pyrrhotite is generally rimmed by sphalerite and 
isolated from gahnite.  Locally pyrite (secondary?) and magnetite occur along fractures in gahnite as well 
as within coarse biotite. Magnetite and chalcopyrite form within disseminated pyrrhotite.   
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Photomicrographs: 
 
 
Gahnite (Ghn) partially replaced by fine aggregates of biotite (Bt) along crystallographic growth faces, in 
a pseudo-octahedral growth. Biotite also contains inclusions of monazite (Mnz)  
Cross-polarised transmitted light  
Photo 103 
 
Same gahnite grain as photo 438, note the corroded texture exhibited by gahnite. Gahnite also coexists 
with garnet (Grt) and biotite. Biotite contains inclusions of monazite   
Plane-polarised transmitted light  
Photo 104 
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Sample Number: JB-10-043 
Sample Location: 11:30 
Hole: PPN-106 
Depth: 172.0 meters 
Rock Type: A quartz-biotite-garnet-gahnite rock 
Sample Description:  A quartz-biotite-garnet-gahnite rock. Corroded grains of gahnite occur as granular 
interlocking clusters and are in apparent textural equilibrium with garnet.  
 
Mineral Proportions: 
Mineral Name Proportion 
Quartz ~35% 
Biotite ~28% 
Garnet ~15% 
Gahnite ~10% 
Plagioclase Feldspar ~5% 
Sericite ~2% 
Microcline ~2% 
Ilmenite ~2% 
Pyrrhotite ~1% 
Chalcopyrite ~<1% 
Pyrite ~<1% 
Monazite ~<trace 
 
 
Coarse grains of biotite (~ 0.25 to 2.4 mm in length) occur intermittently with varying proportions of 
quartz and plagioclase feldspar and define an overall sense of foliation within the sample.  Biotite clusters 
contain intergrowths of gahnite and garnet.  Anhedral grains of pale-pink garnet (~1.5 mm in diameter) 
are intergrown with biotite, quartz, and plagioclase feldspar.  Garnet interiors are pervasively fractured 
and have been partially replaced by fine aggregates of biotite.  Garnet fracture planes and rims are the 
sites of localized sericitization, likely associated with retrograde metamorphism and associated brittle 
deformation (photos 105 and 106).  Grains of garnet are in textural equilibrium with, and locally contain 
inclusions of gahnite.  Anhedral grains of pale-green gahnite (~0.5 to 0.98 mm in diameter) occur as 
granular clusters (~2.5 mm in diameter) intergrown with biotite and quartz.  Locally, gahnite contains 
inclusions of anhedral opaque minerals (likely ilmenite or sphalerite ~0.005 mm in size), and has partially 
been replaced by fine aggregates of sericite and biotite (photo 107 and 108).  Some grains of gahnite 
coexist adjacent to disseminated intergrowths of sphalerite, pyrite, pyrrhotite, chalcopyrite, and sphalerite.   
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Photomicrographs: 
 
 
A fractured grain of garnet (Grt) intergrown with primary biotite (Bt)  
Plane-polarized transmitted light 
Photo 105 
 
 
Same view as photo 105.  Note that garnet fracture planes have been replaced by secondary biotite and 
sericite (Ser) 
Cross-polarized transmitted light 
Photo 106 
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Granular aggregates of interlocking gahnite (Ghn), intergrown with biotite and trace amounts of      
 quartz (Qtz)  
Plane-polarized transmitted light 
Photo 107 
 
 
Same view as photo 107.  Gahnite have been partially replaced by fine aggregates of sericite 
Cross-polarized transmitted light 
Photo 108 
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Sample Number: JB-10-044 
Sample Location: Henry George 
Hole: PPN-106   
Depth: 173.85 meters 
Rock Type:  A quartz-biotite-garnet-gahnite rock 
Sample Description:  A quartz-biotite-garnet gahnite rock with disseminated sulfides (pyrrhotite, 
chalcopyrite, and sphalerite) and intergrowths of garnet and gahnite 
 
Mineral Proportions: 
Mineral Name Proportion 
Quartz ~50% 
Biotite ~20% 
Muscovite ~7% 
Garnet ~7% 
Gahnite ~6% 
Pyrrhotite ~4% 
Sphalerite ~3% 
Chalcopyrite ~2% 
Ilmenite ~1% 
Monazite <1% 
 
Large patches (<6.0 mm in diameter) of coarse biotite (~1.0 mm in length) contain intergrown grains of 
pale-green gahnite (0.1 to 1.0 mm in diameter), with corroded rims and interiors that have been partially 
replaced by aggregates of biotite and sericite (photo 109 and 110).   Gahnite interiors are fractured and 
contain erratic inclusions of quartz (<0.02 mm in diameter) and pyrrhotite (<0.05 in diameter).  Gahnite is 
adjacent to, and is in apparent textural equilibrium with anhedral, pale-pink garnet (~0.30 to 2.5 mm in 
diameter) (Photo 111 and 112).  Garnets are intensely fractured, with fracture planes cross-cut by of 
secondary muscovite (~0.10 mm in length) (photo 113 and 114). 
 
Sulfide minerals are disseminated throughout the section, and consist of single and multiphase 
disseminations of varying proportions of pyrrhotite, chalcopyrite, and sphalerite (0.05 to 1.0 mm in 
diameter).  Sulfides exist adjacent to and are in textural equilibrium with gahnite.   
 
Locally, a corroded dissemination of ilmenite (~0.25 mm in diameter) is surrounded by a thick cluster of 
biotite (~1.3 mm in diameter) (photos 115 and 116).   
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Photomicrographs: 
 
 
Intergrown grains of corroded gahnite (Ghn) and garnet (Grt) in primary biotite (Bt).  Biotite contains 
inclusions of monazite (Mnz)  
Plane-polarized transmitted light 
Photo 109 
 
 
Same view as photo 539.  Note that gahnite interiors have been partially replaced by fine aggregates of 
retrograde sericite (Ser) 
Cross-polarized transmitted light 
Photo 110 
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Intergrown grains of gahnite and garnet exist in apparent textural equilibrium, and are intergrown with 
primary biotite, and are crosscut by secondary muscovite (Ms) 
Plane-polarized transmitted light 
Photo 111 
 
 
Same view as photo 111 
Cross-polarized transmitted light 
Photo 112 
APPENDIX B  286 
 
 
 
 
Intensely fractured garnet, intergrown with biotite, gahnite, quartz (Qtz), sphalerite, and pyrrhotite (Po).  
Coarse blades of muscovite propagate along and crosscut fracture planes within garnet  
Plane-polarized transmitted light 
Photo 113 
 
 
Same view as photo 113 
Cross-polarized transmitted light 
Photo 114 
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Coarse biotite with intergrowths of gahnite (Ghn), ilmenite (Ilm), and sphalerite 
Plane-polarized transmitted light 
Photo 115 
 
 
Same view as photo545 
Plane-polarized reflected light 
Photo 116 
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Sample Number: JB-10-045A 
Sample Location: 11:30 
Hole: PPN-109 
Depth: 207.9 meters 
Rock Type Biotite-gahnite-garnet-ilmenite rock 
Rock Description:  A foliated biotite-garnet-gahnite rock that contains layers of biotite-quartz-gahnite-
garnet and quartz-gahnite-muscovite. Gahnite occurs as isolated grains and as granular aggregates. 
 
Mineral Proportions:  
Mineral Name Proportion 
Biotite ~30% 
Gahnite ~20% 
Garnet ~15% 
Quartz ~15% 
Muscovite ~15% 
Staurolite ~trace 
Pyrite ~2% 
Ilmenite ~3% 
Sphalerite ~trace 
Monazite ~trace 
 
Anhedral, pale pink garnet (~1 mm in size) is equigranular and occurs locally within biotite-quartz-
gahnite layers.  Garnet interiors are fresh, and locally contain inclusions of quartz (0.03 mm in size).  
Garnet is locally fractured, and infilled with quartz and secondary biotite (photo 117 and 118), where it 
occurs locally adjacent to and in textural equilibrium with gahnite.  
  
Gahnite occurs in two distinct forms: 
1) Anhedral, pastel green gahnite (~0.49 mm in size) occurs as isolated grains within biotite-quartz-garnet 
layers (Photo 119).  Primary biotite surrounds gahnite, and produces a foliation. Gahnite also occurs 
locally adjacent to garnet and retrograde staurolite (photo 120).  The cores of gahnite exhibit a 
poikiloblastic texture, containing a high density of quartz and fluid inclusions, whereas the rims are free 
of inclusions. Cores have a pseudoeuhedral shape, and parallel the octahedral crystallographic growth 
faces of gahnite. Such a zonation pattern occurs in other samples and may represent either a shift in 
growth conditions of multiple growth stages.  Locally gahnite contains inclusions of biotite, and larger 
irregular grains of quartz (~0.02 mm).    
2) Subhedral, pastel green gahnite (~0.10 mm in size) occurs as large elongate granular clusters (~4.0 mm 
in length) within quartz-muscovite layers (photos 121 and 122). Gahnite interiors are fresh and inclusion 
free and are locally surrounded by secondary muscovite, quartz (riddled with erratic muscovite 
inclusions), and disseminated anhedral ilmenite (photo 123 and 124).  Gahnite-quartz clusters parallel the 
overall foliation, whereas associated coarse muscovite locally crosscut foliation. 
 
The lack of zoned gahnite cores, the presence of crosscutting muscovite, poikiloblastic quartz, and 
anhedral ilmenite suggests that granular gahnite formed after the isolated grains of gahnite.  
Tabular ilmenite occurs locally within granular gahnite aggregates and proximal to biotite. The sample is 
crosscut by a vein of secondary pyrite. Pyrite is coarse-grained with corroded cores. 
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Photomicrographs: 
 
Garnet (Grt) in apparent textural equilibrium with gahnite (Ghn) and staurolite (St), in a biotite (Bt)-
quartz (Qtz) host. In general, staurolite is secondary to gahnite in the Broken Hill area 
Plane-polarised transmitted light  
Photo 117 
 
 
Same view as photo 117   
Cross-polarised transmitted light  
Photo 118 
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Gahnite with a pseudo-euhedral shaped quartz inclusion defined core, surrounded by muscovite (Ms) and 
quartz (Qtz) 
Plane-polarised transmitted light  
Photo 119 
 
 
Grains of gahnite, staurolite, and garnet in a quartz-biotite-muscovite host 
Plane-polarised transmitted light  
Photo 120 
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 Granular gahnite in a quartz-muscovite layer that occurs adjacent to a biotite-muscovite-quartz layer 
Plane-polarised transmitted light  
Photo 121 
 
 
Same view as photo 121, illustrates the intergrowth of muscovite with gahnite.  Note: gahnite lenses 
parallel the foliation 
Cross-polarised transmitted light  
Photo 122 
 
APPENDIX B  292 
 
 
 
 
 
Disseminated ilmenite (Ilm) within granular gahnite 
Plane-polarised transmitted light 
 Photo 123 
 
 
Same view as photo 123 
Plane-polarised reflected light  
Photo 124 
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Sample Number: JB-10-046 
Sample Location: 11:30 
Hole: PPN-109 
Depth: 208.3 meters 
Rock Type:  Massive sulfide mineralization  
Sample Description:  Massive sulfides, dominated by sphalerite, with subordinate amounts of galena, 
chalcopyrite, and pyrrhotite, with lesser pyrite and arsenopyrite contains intergrowths of gahnite, garnet, 
and biotite. 
 
Mineral Proportions: 
Mineral Name Proportion 
Sphalerite  ~65% 
Quartz ~10% 
Galena ~7% 
Pyrrhotite ~3% 
Chalcopyrite ~3% 
Biotite ~3% 
Gahnite ~2% 
Muscovite ~2% 
Garnet ~2% 
Pyrite ~2% 
Arsenopyrite ~1% 
Chlorite ~<1% 
Monazite ~<1% 
 
Massive sulfide mineralization, dominated by blood-red sphalerite, with subordinate amounts of galena 
(~0.2 to 1.3 mm in length), chalcopyrite (~0.05 to 0.30 mm in diameter), and pyrrhotite (~0.02 to 0.10 
mm in diameter), with lesser amounts of pyrite (0.05 to 1.0 mm in length) and arsenopyrite (~0.02 to 0.50 
mm in length), contains intergrowths of quartz (0.5 to 5.0 mm in diameter), gahnite, garnet, muscovite 
and biotite.  Grains of pyrite have corroded interiors and rims, a texture suggesting destabilization due to 
localized disequilibria.   
 
Anhedral grains of pale-pink garnet (0.25 to 1.0 mm in diameter) are intergrown with both sulfides, and 
quartz.  Garnets are pervasively fractured and contain anhedral inclusions of sphalerite (photos 125 and 
126).  Garnet is both intergrown, and in textural equilibrium with gahnite (127 and 128).  Subhedral to 
anhedral grains of gahnite (0.02 to1.0 mm in diameter) contain inclusions of sphalerite (submicroscopic to 
0.05 mm in diameter) and quartz (~0.02 mm in diameter).  Gahnite is locally intergrown with coarse 
biotite (~1.5 mm in length) and chlorite (photos 129).   
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Photomicrographs: 
 
 
A grain of garnet (Grt) is hosted in massive sphalerite (Sp).  Sphalerite contains small grains of 
chalcopyrite (Ccp). 
Plane-polarized transmitted light  
Photo 125 
 
 
Same view as photo 125 
Plane-polarized reflected light 
Photo 126 
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Gahnite (Ghn) surrounded by massive sphalerite, with lesser amounts of chalcopyrite and pyrrhotite (Po) 
Plane-polarized transmitted light.   
Photo 127 
 
 
Same view as photo 127 
Plane-polarized reflected light 
Photo 128 
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Coexisting gahnite, biotite (Bt) and sphalerite .  Biotite contains inclusions of monazite (Mnz) and are 
well aligned, which  defines the foliation within the section 
Plane-polarized transmitted light 
Photo 129 
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Sample Number: JB-10-047 
Sample Location: 11:30 
Hole: PPN-109 
Depth: 209.4 meters 
Rock Type:  A blue quartz-gahnite-garnet rock 
Rock Descriptions: A quartz-gahnite-garnet-biotite rock with disseminated chalcopyrite, pyrrhotite, and 
lesser amounts of galena and sphalerite. 
 
Mineral Proportions 
Mineral Name Proportion 
Quartz ~55% 
Gahnite ~15% 
Garnet ~5% 
Biotite ~10% 
Chlorite ~3% 
Chalcopyrite ~6% 
Sphalerite ~1% 
Galena ~1% 
Pyrrhotite ~2% 
Pyrite ~trace 
Ilmenite ~1% 
Magnetite ~1% 
 
Anhedral, pastel pink garnet (~0.05 to 0.25 mm in size) in quartz, occurs adjacent to biotite and gahnite.  
Garnet and gahnite are in textural equilibrium, with sharp grain contacts (photos 130 and 131).  Garnets 
contain numerous quartz inclusions (< 0.02 mm in diameter).  Garnet is locally partially replaced by 
biotite , and contains inclusions of anhedral pyrrhotite, magnetite, and ilmenite. 
 
The sample is locally fractured, which may have served as conduits for fluid migration during retrograde 
metamorphism and associated brittle deformation. Fractures are infilled with varying proportions of 
sericite-chlorite, chalcopyrite, pyrrhotite, and sphalerite.  Garnets bisected by these fractures are locally 
fractured in a radial pattern, and infilled by secondary muscovite and sericite, compared to garnets distal 
to fractures, which were relatively unaltered (photo 132).  
  
Subhedral to anhedral, pastel green gahnite (~0.05 to 0.40 mm in size) hosted in quartz formed adjacent to 
biotite, galena, pyrrhotite, chalcopyrite, and ilmenite (photos 133 and 134).  Gahnite contains numerous 
quartz inclusions (< 0.04 mm in diameter), which locally overprinted crystallographic faces to produce a 
skeletal grain texture. 
  
Sulphides locally occur as multiphase anhedral masses of sphalerite, galena, pyrrhotite, and chalcopyrite.  
Pyrrhotite is heavily oxidised and with a relatively coarse textured interior. Tabular ilmenite is common 
throughout the sample, and is spatially associated with biotite. Ilmenite growth both bisects, and 
propagates along biotite cleavages.  Ilmenite is locally adjacent to magnetite, frequently containing 
magnetite lamellae. Sphalerite is rusty orange in color.  As noted previously the sample contains fractures 
filled with chalcopyrite and subordinate amounts of pyrrhotite and sphalerite.  One sulphide vein is 
infilled by pyrite and chalcopyrite.   
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Photomicrographs: 
 
 
Garnet (Grt) and gahnite (Ghn) in textural equilibrium hosted in a quartz (Qtz) biotite (Bt) rock. Note how 
gahnite is riddled by irregular quartz inclusions   
Plane-polarised transmitted light  
Photo 130 
 
 
Garnet with a gahnite inclusion near its core 
Plane-polarised transmitted light 
 Photo 131 
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Garnet and quartz cut by a sericite (Ser)-chlorite (Chl) vein 
Plane-polarised transmitted light  
Photo 132 
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Gahnite with quartz inclusions, adjacent to garnet, biotite, and disseminated opaque minerals 
Plane-polarised transmitted light 
 Photo 133 
 
 
Same view as photo 133.  Galena forms adjacent to gahnite, ilmenite (Ilm) additionally occurs locally 
adjacent to biotite 
Plane-polarised reflected light 
 Photo 134 
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Sample Number: JB-10-048 
Sample Location: 11:30 
Hole: PPN-109 
Depth: 210.5 meters 
Rock Type: A quartz-garnet-gahnite-biotite rock 
Sample Description:  A quartz-garnet-gahnite-biotite rock, with disseminated sulfides (Galena with 
lesser amounts of chalcopyrite, pyrrhotite, and pyrite). 
 
Mineral Proportions: 
Mineral Name Proportion 
Quartz ~60% 
Garnet ~16% 
Gahnite ~10% 
Biotite ~5% 
Galena ~4% 
Chalcopyrite ~2% 
Pyrrhotite ~1% 
Ilmenite ~1% 
Chlorite ~1% 
Monazite <1% 
Pyrite ~trace 
Sphalerite ~trace 
 
Anhedral grains of pale-pink garnet (~0.10 to 2.5 mm in diameter) are intergrown with grains biotite, 
gahnite, and disseminated sulfides (galena, chalcopyrite, and pyrrhotite) in a quartz matrix.  Grains of 
garnet are pervasively fractured, with fracture planes lined by thick accumulations of sericite.  Garnet 
interiors host intergrowths of ilmenite (~0.02 mm in diameter), galena (~0.03 mm in diameter) and 
gahnite (~0.05 to 0.25 mm in diameter) (Photos 135).  Garnets exist in textural equilibrium with gahnite.  
While garnets contain intergrowths of gahnite, gahnites contain no intergrowths of garnet, suggesting that 
gahnite nucleation may have preceded that of garnet.  Anhedral, corroded grains of gahnite (~0.25 mm in 
diameter) also coexist with biotite and secondary chlorite.  Gahnite interiors are partially replaced by 
sericite and contain inclusions of galena and ilmenite (submicroscopic to 0.01 mm in diameter) (photos 
136, 137, and 138).    
   
Anhedral grains of pale-green of gahnite (~0.05 to 0.25 mm in diameter) exist independently in a quartz 
matrix, and are, in places, accompanied by tabular disseminations of ilmenite (~0.05 mm in length) 
(photo 139).  Grains of gahnite have poikiloblastic cores, riddled with quartz inclusions.  
 
Disseminated sulfides are pervasive, and dominated by anhedral grains of galena (~0.25 to 1.0 mm in 
length), with lesser amounts of pyrrhotite-chalcopyrite.  Pyrite is secondary, and crosscuts the section as a 
corroded veinlet.   
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Photomicrographs: 
 
 
Intergrowths of garnet (Grt), gahnite (Ghn), biotite (Bt), quartz (Qtz), and disseminated sulfides 
(pyrrhotite (Po) and chalcopyrite (Ccp).  Note that gahnite appears to be in apparent textural equilibrium 
with garnet. 
Plane-polarized transmitted light 
Photo 135 
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Gahnite intergrown with biotite, quartz, garnet, and disseminated sulfides, is surrounded by thick splays 
of secondary chlorite (Chl).  Biotite contains inclusions of monazite (Mnz).  
Plane-polarized transmitted light 
Photo 136 
 
 
Same view as photo 636.  Note that gahnite interiors have been partially replaced by fine aggregates of 
sericite (Ser) 
Cross-polarized transmitted light 
Photo 137 
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Same view as photos 636 and 637.  Note that sulfide mineralization is dominated by galena (Gn) with 
lesser amounts of chalcopyrite (Ccp), pyrite (Py), and pyrrhotite (Po) 
Plane-polarized reflected light 
Photo 138 
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Gahnite intergrown with ilmenite (Ilm) and quartz (Qtz) 
Plane-polarized transmitted light 
Photo 139 
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Sample Number: JB-10-049 
Sample Location: 11:30 
Hole: PPN-109 
Depth: 214.2 meters 
Rock Type:  A sulfide bearing pelitic unit; biotite-quartz-gahnite rock 
Sample Description:  A well-foliated biotite-garnet-gahnite rock containing disseminated sulfides 
(dominated by sphalerite, with subordinate pyrrhotite and chalcopyrite).  Gahnite is pervasive and occurs 
in four distinct mineral assemblages: biotite-gahnite-garnet-ilmenite, massive sulfides-gahnite-biotite, 
quartz-gahnite-disseminated sulfides and chlorite-gahnite-microcline-ilmenite. 
 
Mineral Proportions: 
Mineral Name Proportion 
Biotite ~57% 
Quartz ~12% 
Gahnite ~11% 
Sphalerite ~6% 
Chlorite ~4% 
Pyrrhotite ~4% 
Chalcopyrite ~3% 
Pyrite ~1% 
Garnet ~1% 
Ilmenite ~1% 
Galena <1% 
Monazite <1% 
Sericite <1% 
Microcline ~trace 
 
A well-foliated section, with four distinct mineral assemblages: 1) coarse biotite-gahnite-garnet-ilmenite, 
2) massive sulfides-gahnite-biotite, 3) quartz-gahnite-disseminated sulfides and 4) chlorite-gahnite-
microcline-ilmenite.  Anhedral, pale-green grains of gahnite (~0.05 to 0.25 mm in diameter) are 
pervasively intergrown throughout the section, and will be described in each of the four assemblages 
separately: 
 
1) Grains of gahnite intergrown with thick folia of  biotite (~2 mm in thickness) have corroded rims 
and contain intergrowths of tabular ilmenite (~0.02 to 0.10 mm in length), irregular quartz (<0.01 
mm in diameter), and primary biotite.  Gahnite interiors have been partially replaced by fine 
aggregates of retrograde sericite (Photos 140 and 141).  In addition to gahnite, biotite contains 
intergrowths of tabular ilmenite (0.10 to 0.25 mm in length), monazite, and anhedral, pale-pink 
garnet (~0.65 mm in diameter).  Gahnite interiors contain sinusoidal inclusion trails, defined by 
tabular grains of ilmenite, suggesting that gahnite are synkinematic (photos 142).    
  
    
2) Anhedral grains of pale-green gahnite (~0.30 mm in diameter) intergrown with biotite are hosted 
in massive sulfides (dominated by sphalerite, with subordinate pyrrhotite, chalcopyrite, and lesser 
galena).  Gahnite-sulfide boundaries are marked by thick accumulations of retrograde chlorite (up 
to 0.10 mm in thickness) (Photos 143 and 144).  Gahnite interiors are riddled with inclusions of 
sphalerite (~0.01 to 1.0 mm in diameter) and pyrrhotite.   
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3) Anhedral grains of pale-green gahnite (0.05 to1.0 mm in diameter) form interlocking granular 
clusters, intergrown with coarse biotite (~0.5 mm in length), quartz, and disseminations of 
sphalerite and pyrrhotite (photo 145 and 146).  Grains of gahnite contain inclusions of primary 
quartz, and have been partially replaced by fine aggregates retrograde sericite.   
       
4) Folia of coarse secondary chlorite (blades up to 1.0 mm in length) host intergrowths of subhedral 
to anhedral grains of pale-green gahnite (~0.25 to 0.50 mm in diameter), corroded, relict grains of 
microcline (~0.10 mm in length), corroded ilmenite, and sphalerite (photos 147 and 148).  Grains 
of gahnite contain intergrowths of quartz, tabular ilmenite, and are locally adjacent to corroded 
microcline (Photo 150). 
  
Veins of secondary pyrite in the sample are parallel to biotite basal cleavage.  
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Photomicrographs: 
 
 
Folia of coarse biotite (Bt) with intergrowths of gahnite (Ghn), quartz (Qtz), and ilmenite (Ilm).  Grains of 
gahnite have corroded rims are partially replaced by sericite (Ser).  Biotite contains inclusions of 
monazite (Mnz) 
Plane-polarized transmitted light 
Photo 140 
 
Same view as photo 649 
Cross-polarized transmitted light 
Photo 141 
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S-shaped inclusions trails (defined by ilmenite (Ilm)) in garnet (Grt) suggest that garnet growth was 
synkinematic  
Plane-polarized transmitted light 
Photo 142 
 
 
 
 
 
 
 
 
 
 
APPENDIX B  310 
 
 
 
 
Massive sulfide mineralization (dominated by sphalerite (Sp) with lesser amounts of pyrrhotite (Po) and 
chalcopyrite (Ccp)) contains intergrowths of gahnite, quartz, and biotite.  Gahnite-sulfide boundaries are 
marked by thick accumulations of chlorite (Chl) 
Plane-polarized transmitted light 
Photo 143 
 
 
Same view as photo 663.  Note the thick accumulations of chlorite surrounding gahnite 
Cross-polarized transmitted light 
Photo 144 
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Gahnite intergrown with biotite and disseminations of sphalerite and pyrrhotite in a quartz matrix 
Plane-polarized transmitted light 
Photo 145 
 
 
Same view as photo 656.  Note gahnite interiors have been partially replaced by fine aggregates of sericite 
Cross-polarized transmitted light  
Photo 146 
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Folia of chlorite host intergrowths of gahnite, ilmenite, and relict grains of microcline (Mc) 
Plane-polarized transmitted light 
Photo 147 
 
 
Same view as photo 658 
Cross-polarized transmitted light 
Photo 148 
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Anhedral gahnite coexists with corroded grains of microcline 
Plane-polarized transmitted light 
Photo 149 
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Sample Number: JB-10-049A 
Sample Location: 11:30 
Hole: PPN-109 
Depth: 214.2 meters 
Rock Type:  A sulfide bearing pelite, biotite-quartz-microcline-gahnite rock 
Sample Description:  A biotite-quartz-plagioclase-microcline-gahnite rock contains sulfides (dominated 
by galena with subordinate pyrrhotite and lesser chalcopyrite).  Grains of gahnite have poikiloblastic 
cores and are riddled with quartz inclusions and have been partially replaced by fine aggregates of 
retrograde sericite. 
 
Mineral Proportions: 
Mineral Name Proportion 
Biotite ~45% 
Quartz ~16% 
Plagioclase ~15% 
Microcline ~5% 
Gahnite ~8% 
Galena ~4% 
Pyrrhotite ~3% 
Pyrite ~2% 
Chalcopyrite ~2% 
Chlorite ~1% 
Monazite ~trace 
Ilmenite ~trace 
Sphalerite ~trace 
 
Anhedral, pale-green gahnite (~0.05 mm to 1.30 mm in diameter) intergrown with biotite (~1.5 mm in 
length), quartz, plagioclase feldspar, and microcline have corroded rims and poikiloblastic cores (riddled 
with irregular inclusions of quartz (~<0.02 mm in diameter) and fine aggregates of sericite and biotite) 
(photo 150 and 151).  Gahnite is accompanied by, and coexists with disseminated sulfides (dominated by 
pyrrhotite and galena, with subordinate amounts of chalcopyrite and lesser sphalerite).  Chlorite and 
sericite (~0.01 mm thick) occur at the contacts between gahnite and sulfides (photos 152, 153 and 154).  
Locally, grains of gahnite are accompanied by thick splays of retrograde chlorite, and intergrowths of 
ilmenite (photo 155).   
 
Secondary grains of pyrite (~0.1 to 3.0 mm in length) occur as both isolated disseminations and dendritic 
veinlets, which propagate along the basal cleavage planes of biotite.  Blades of biotite are well aligned 
and denote the overall sense of foliation within the sample.  Biotite contain inclusions of tabular ilmenite 
and monazite (<0.02 mm in diameter). 
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Photomicrographs: 
 
 
Intergrown gahnite (Ghn), biotite (Bt), and quartz (Qtz).  Gahnite interiors are riddled with quartz 
inclusions and partially replaced by fine aggregates of sericite.  Blades of biotite contain inclusions of 
monazite (Mnz) 
Plane-polarized transmitted light 
Photo 150 
 
 
Same view as photo 641 
Cross-polarized transmitted light 
Photo 151 
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Grains of gahnite intergrown with galena (Gn).  Gahnite-galena contacts are marked by thick 
accumulations of retrograde chlorite (Chl) 
Plane-polarized transmitted light 
Photo 152 
 
 
Same view as photo 643.  Note massive galena contains subordinate amounts of sphalerite 
Plane-polarized reflected light 
Photo 153 
APPENDIX B  317 
 
 
 
 
Same view as photo 152 and 153 
Cross-polarized transmitted light 
Photo 154 
 
 
Corroded gahnite intergrown with biotite occur adjacent to thick splays of secondary chlorite 
Plane-polarized transmitted light 
Photo 155 
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Sample Number: JB-10-050 
Sample Location: 11:30 
Hole: PPN-109 
Depth: 215.5 meters 
Rock type: Gahnite-Garnet-Biotite Rock 
Rock Description:  A sulphide bearing biotite-gahnite-garnet rock in which garnets are corroded and 
spatially associated with secondary biotite.  Gahnite is abundant, and characterized by distinct optical 
zonation, with cores riddled with submicroscopic quartz inclusions.  The sample contains multiphase 
disseminations of pyrrhotite, chalcopyrite, and sphalerite.  
  
Mineral Proportions: 
Mineral Name Proportion 
Quartz ~7% 
Biotite ~54% 
Gahnite ~20% 
Garnet ~10% 
Pyrrhotite ~4% 
Chalcopyrite ~1% 
Sphalerite ~1% 
Galena ~trace 
Monazite ~3% 
 
Anhedral, pale pink fractured garnet (~0.10 to 1.6 mm in size) with corroded rims are locally adjacent to 
primary and secondary biotite, as well as gahnite (photos 156, 157, and 158).  Gahnite-garnet boundaries 
are sharp and suggest textural equilibrium.  Garnet locally contains inclusions of quartz (~0.02 mm) and 
ilmenite (~0.015 mm). Grain interiors are relatively fresh and locally replaced by secondary biotite. 
 
Anhedral, pastel green gahnite (0.10 to 2.4 mm in size) have dusty cores riddled with fine-grained to 
submicroscopic inclusions (photo 159 and 160).  Cores locally have a pseudo-euhedral shape, and parallel 
octahedral crystallographic growth faces of gahnite (Photo 161).  In addition, gahnite locally contains 
quartz inclusions (0.18 mm in length) and an unidentifiable submicroscopic opaque mineral (maybe 
magnetite). Gahnite is rimmed by coarse retrograde sericite, which propagates perpendicular to gahnite 
faces. 
   
Dominated by pyrrhotite and subordinate amounts of chalcopyrite and sphalerite, opaque minerals are 
multiphase and disseminated throughout the section.  Galena is located in disseminations and as well as 
isolated anhedral grains.  Small anhedral magnetite locally occurs as inclusions within gahnite.   
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Photomicrographs: 
 
 
Garnets (Grt) and gahnite (Ghn) in primary biotite (Bt). Biotite locally contains inclusions of monazite 
(Mnz).  Grains of quartz (Qtz) occur locally in subordinate amounts 
Plane-polarised transmitted light  
Photo 156 
 
 
Same view as photo 156, note that gahnite is partially replaced by fine aggregates of muscovite. 
Crossed-polarised transmitted light  
Photo 157 
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A fractured grain of garnet locally adjacent partially crosscut by secondary biotite. 
Plane-polarised transmitted light  
Photo 158 
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Anhedral, pastel green gahnite containing unidentified inclusions (but likely magnetite or sphalerite?).  
Garnet and gahnite are in textural equilibrium  
Plane-polarised transmitted light  
Photo 159 
 
 
Same view as 159, gahnite is partially replaced by fine aggregates of biotite and sericite (Ser).  Gahnite is 
hosted by coarse primary biotite 
Crossed-polarised transmitted light  
Photo 160 
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Gahnite cores have a dusty texture and are riddled with small inclusions; core boundaries are 
pseudoeuhedral in shape and parallel octahedral crystallographic growth faces of gahnite. 
Plane-polarised transmitted light  
Photo 161 
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Sample Number: JB-10-054   
Sample Location: Ten-Two 
Hole: PFC-02 
Depth: 99.6 meters 
Rock Type: A quartz-plagioclase-k-feldspar -gahnite rock 
Sample Description:  A quartz segregation; with intergrowths of gahnite and disseminated sulfides 
(pyrrhotite, with subordinate chalcopyrite and lesser sphalerite and pyrite).  Locally, grains of K-feldspar 
contain intergrowths of quartz and exhibit a granophyre texture, suggesting the contemporaneous 
crystallization of K-feldspar and quartz.  Grains of gahnite are armored by plagioclase feldspar and 
contain a subequal distribution of opaque inclusions. 
 
Mineral Proportions: 
Mineral Name Proportion 
Quartz ~35% 
Gahnite ~20% 
Plagioclase Feldspar ~13% 
Sericite ~10% 
K Feldspar ~7% 
Biotite ~5% 
Pyrrhotite ~4% 
Muscovite ~3% 
Chalcopyrite ~2% 
Chlorite ~<1% 
Sphalerite ~trace 
Monazite ~trace 
Pyrite ~trace 
 
Subhedral to anhedral grains of forest-green gahnite (~0.50 to 3.0 mm in diameter) are intergrown with 
quartz, K-feldspar, plagioclase feldspar, and, in places, biotite.  Some grains of gahnite are armored by 
plagioclase feldspar (up to 0.05 mm thick), and have relatively unaltered interiors (photos 162 and 162), 
and non-rimmed gahnite have been subject to moderate sericitization.  Relict grains of plagioclase and K-
feldspar are partially replaced by muscovite, biotite, and retrograde sericite.  Locally, K-feldspar contains 
wormy intergrowths of quartz, and exhibits a unique granophyre texture (photo 162 and 163), suggesting 
two became intergrown during crystallization that likely occurred during the remobilization of 
hydrothermal quartz rocks during metamorphism and associated brittle deformation. 
 
Gahnite interiors are zoned by a subequal distribution of cruciform opaque minerals (likely magnetite) 
from core to rim (Photos 164).  The spatial distribution of opaques is variable; some form concentrically 
around grain cores while others demonstrate a parallel alignment and erratic sector zoning.  Gahnite 
contains intergrowths of anhedral monazite (~0.02 mm in diameter), biotite, pyrrhotite, and chalcopyrite.  
Gahnite-pyrrhotite and gahnite-chalcopyrite boundaries are marked by a thin envelope of sphalerite, 
suggesting that a chemical exchange possibly took place during retrograde metamorphism and associated 
re-equilibration (photos 165 and 166).  Disseminations of pyrrhotite contain intergrowths of rare primary 
pyrite. Pyrite is normally a secondary mineral. 
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Photomicrographs 
 
 
Grains of quartz (Qtz) intergrown with k-feldspar (Kfs) exhibit a granophyric texture.  Grains of K-
feldspar have been subject to intense sericitization (Ser) during retrograde metamorphism and associated 
brittle deformation 
Plane-polarized transmitted light 
Photo 162 
 
 
Same view as photo 162 
Cross-polarized transmitted light 
Photo 163 
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Gahnite (Ghn) hosted by quartz and plagioclase feldspar (Pl).  Gahnite interiors exhibit sector zoning, 
defined by subequal proportions of submicroscopic opaque inclusions (likely magnetite exsolution).  
Gahnite also contains inclusions of biotite (Bt) and is rimmed by sericite. 
Plane-polarized transmitted light 
Photo 164 
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A grain of gahnite in a quartz matrix, armored by plagioclase feldspar (Pl) 
 Plane-polarized transmitted light 
Photo 165 
 
 
Same view as photo 165.  Note that grains of plagioclase feldspar have been partially replaced by sericite 
and chlorite (Chl) 
Cross-polarized transmitted light 
Photo 166 
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An inclusion of pyrrhotite (Po) in gahnite. Note that gahnite is isolated from pyrrhotite by a thin envelope 
of sphalerite (Sp) 
Plane-polarized transmitted light 
Photo 167 
 
 
Same view as photo 167.  Note that pyrrhotite contains intergrowths of chalcopyrite (Ccp) 
Plane-polarized reflected light 
Photo 168 
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Sample Number: JB-10-055    
Sample Location: Ten Two 
Hole: PFC-02 
Depth: 99.6 meters 
Rock type:  A Sulphide-bearing quartz-gahnite-biotite rock 
Rock Description:  A sulphide-bearing quartz-gahnite rock in which gahnite contains opaque inclusions 
which radiate from and encircle grain cores, marking crystallographic growth faces. Metallic minerals are 
dominated by pyrite, pyrrhotite, sphalerite, and magnetite.  
 
Mineral Proportions: 
Mineral Name Proportion 
Quartz ~30% 
Gahnite ~12% 
Biotite ~10% 
Chlorite ~5% 
Pyrrhotite ~5% 
Sphalerite ~5% 
Chalcopyrite ~10% 
Pyrite ~5% 
Sericite ~2% 
Feldspar ~5% 
Ilmenite ~1% 
Monazite ~trace 
Magnetite ~trace 
 
Euhedral to subhedral, forest green gahnite (~0.20 to 2.44 mm in size) is hosted in quartz and sulphides. 
Grain cores are a deep forest green color with pale green rims. This color disparity is intimately 
associated with the presence of cruciform opaque inclusions, which increase in relative density towards 
gahnite cores (likely sphalerite, magnetite or rutile). Opaque inclusions radiate from and encircle gahnite 
cores, marking either an accumulation during crystallographic growth, or preferential replacement during 
retrograde metamorphism and associated brittle deformation (photo 169).  Locally gahnite is rimmed by 
quartz and feldspar (photo 170 and 171), whereas other grains are rimmed by sericite (photos 172 and 
173). 
   
Grains of gahnite within metallic mineralisation are pervasively fractured, and rimmed by sericite and 
coarse muscovite (photo 449).  Fractures are in filled by sericite, and gahnite locally contains inclusions 
of pyrrhotite, sphalerite, and chalcopyrite (Photo 174). 
 
The polished thin section is notable for its relative abundance of pyrite and chalcopyrite. Pyrite is 
massive, and appears unstable with corroded cores.  Massive sulphides contain intergrowths of pyrrhotite, 
pyrite, and magnetite (photo 175). Gahnite is locally buffered from massive pyrrhotite by a thin envelope 
of sphalerite (photo 176). 
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Photomicrographs: 
 
 
Gahnite (Ghn) in a quartz (Qtz) host display clear zonation marked by an abundance of opaque inclusions                
Plane-polarised transmitted light  
Photo 169 
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A grain of gahnite containing abundant of opaque inclusions; note how in this sample opaques do not 
encircle grain cores. The grain is rimmed by quartz, instead of sericite 
Plane-polarised transmitted light 
 Photo 170 
 
 
 
The same view as photo 170, note the outer quartz overgrowth surrounding the gahnite grain 
Cross-polarised transmitted light  
Photo 171 
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Gahnite with numerous opaque inclusions and a pyrrhotite (Po) core                                                         
Plane-polarised transmitted light  
Photo 172 
 
 
 
Same view as photo 444 
Cross-polarised transmitted light  
Photo 173 
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A gahnite grain with numerous opaque inclusions and a pyrrhotite core      
Plane-polarised reflected light  
Photo 174 
 
 
Gahnite in massive pyrrhotite, note how gahnite is isolated from pyrrhotite by a thin envelope of 
sphalerite (Sp). Note also the rare primary grain of pyrite; normally it a secondary mineral 
Plane-polarised reflected light 
Photo 175 
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Gahnite intergrown with chalcopyrite (Ccp), sphalerite (Sp), pyrrhotite (Po), magnetite (Mag), and pyrite 
(Py) 
Plane-polarised reflected light 
Photo 176 
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Sample Number: JB-10-056  
Sample Location: Ten Two 
Hole: PFC-02 
Depth: 99.3 meters 
Rock Type: Pegmatite with subordinate of gahnite and quartz 
Rock Description:  A microcline-quartz-gahnite rock, with minor amounts of garnet. Sample is 
dominated by microcline and was collected adjacent to sulphides. 
 
Mineral Proportions: 
Mineral Name Proportion 
Microcline ~63% 
Quartz ~20% 
Gahnite ~10% 
Chlorite ~3% 
Sericite ~2% 
Biotite ~2% 
Garnet ~trace 
Pyrrhotite ~ trace  
Sphalerite ~ trace  
Chalcopyrite ~ trace 
Arsenopyrite ~ trace 
Monazite ~ trace 
Apatite ~ trace 
 
Anhedral, pale pink to translucent garnet (~0.25-0.5 mm in size) is intensely fractured and form 
interstitially between feldspar. Subhedral, green gahnite (~0.98 to 1.60 mm in size) is zoned by a subequal 
distribution of cruciform opaque minerals (pyrrhotite, rutile, or sphalerite) from core to rim (photo 177).  
Opaque inclusions are most dense at and radiate from and encircle gahnite cores, marking either a 
localized accumulation of opaques along crystallographic faces during growth, or preferential 
replacement along past crystallographic faces (Photos 178, 179, and 180). Large opaques locally occur 
near gahnite cores, marking either the site of grain nucleation or preferential replacement. Gahnite is 
locally adjacent to isolated anhedral monazite (0.10 mm in size). 
 
Gahnite is hosted in quartz (~0.25 mm in diameter) and locally occurs adjacent to large-medium sized 
microcline.  Grains are locally fractured and infilled by sericite and chlorite. Fractures are a product of 
regional retrogression and brittle deformation, cutting pervasively through gahnite and their microcline-
quartz host. Gahnite is rimmed by sericite and biotite. Large grains of microcline are poikiloblastic and 
riddled with biotite inclusions.  
   
The quartz host locally contains small disseminated sphalerite and pyrrhotite. Secondary arsenopyrite is 
locally disseminated adjacent to microcline. Metallic minerals also occur as inclusions within gahnite, and 
chlorite.  Pyrrhotite locally occurs parallel to the basal cleavage of chlorite.   
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Photomicrographs: 
 
 
Gahnite (Ghn) is hosted by quartz (Qtz) and is optically zoned by opaque inclusions. It is also pervasively 
fractured and partially replaced by rare biotite (Bt) and is rimmed by sericite (Ser) 
Plane-polarised transmitted light  
Photo 177 
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Gahnite with an intergrowth of pyrrhotite and sphalerite. Unidentified opaques (probably iron oxide) 
encircle and radiate from grain cores  
Plane-polarised transmitted light  
Photo 178 
 
 
The same view as photo 528 at lower magnification.  Gahnite occurs adjacent to isolated grains of 
monazite (Mnz)  
Plane-polarised transmitted light  
Photo 179 
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The same view as photo 528; note the distribution of opaques throughout the gahnite. Gahnite is occurs in 
quartz and microcline, and is spatially associated with monazite (Mnz), and rimmed by sericite 
Plane-polarised transmitted light  
Photo 180 
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Sample Number: JB-10-057   
Sample Location: Round Hill Notch 
Depth: Surface outcrop 
Rock Type: A quartz-gahnite rock 
Sample Description: A quartz-gahnite rock; gahnite is rimmed by thick accumulations of retrograde 
sericite, which frequently contain intergrowths of secondary staurolite, and texturally overprint gahnite.    
 
Mineral Proportions: 
Mineral Name Proportion 
Quartz ~80% 
Gahnite ~14% 
Sericite ~4% 
Staurolite ~1% 
Muscovite ~1% 
Chalcopyrite ~<1% 
Pyrrhotite ~<1% 
 
Anhedral, pale-green grains of gahnite (0.05 to 1.0 mm in diameter) occur independently and as 
interlocked granular clusters (up to 3.0 mm in diameter) in a quartz matrix.  Corroded, intensely fractured 
gahnite is rimmed by thick accumulations of retrograde sericite (up to 0.05 mm thick) (photo 181 and 
181).  Gahnite is texturally overprinted by secondary grains of pale-yellow staurolite, which are 
frequently intergrown with the thick accumulations of secondary sericite (~0.45 mm in length) (photos 
182 and 183). 
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Photomicrographs: 
 
 
Fractured grains of gahnite (Ghn) in a quartz (Qtz) matrix, rimmed by thick accumulations of retrograde 
sericite (Ser) 
Plane-polarized transmitted light 
Photo 181 
 
 
Same view as photo 181 
Cross-polarized transmitted light 
Photo 182 
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A granular mass of interlocking gahnite, texturally overprinted by secondary staurolite (Stt) 
Plane-polarized transmitted light 
Photo 183 
 
 
Same view as photo 183.  Note that grains of gahnite are thickly rimmed by retrograde sericite and coarse 
muscovite (Ms) 
Cross-polarized transmitted light 
Photo 184 
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Sample Number: JB-10-058  
Sample Location: Round Hill Notch 
Depth: Surface outcrop 
Rock Type: Blue quartz-gahnite rock 
Rock Description: A blue quartz-gahnite rock within sillimanite gneiss.   
 
Mineral Proportions: 
Mineral Name Proportion 
Quartz ~87% 
Gahnite ~8% 
Biotite ~3% 
Sericite ~1% 
Ilmenite ~1% 
Pyrrhotite ~trace 
 
Subhedral, pale green gahnite (~0.10 mm in size) occurs as isolated grains in quartz that, in turn, contains 
inclusions of quartz. Gahnite is rimmed by retrograde sericite and biotite. Isolated within a quartz host, 
candy apple brown biotite contains tabular inclusions of pyrrhotite and ilmenite, which grew parallel to its 
basal cleavage.   
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Sample Number: JB-10-059  
Sample Location: Round Hill Notch 
Depth: Surface outcrop 
Rock Type:  Blue quartz-gahnite rock 
Rock Description:  A quartz-gahnite rock, hosted within sillimanite gneiss. Gahnite is intimately 
associated with disseminated ilmenite. 
   
Mineral Proportions: 
Mineral Name Proportion 
Quartz ~90% 
Gahnite ~9% 
Sericite ~1% 
Chalcopyrite ~trace 
Pyrrhotite ~trace 
Ilmenite ~trace 
Sphalerite ~trace 
Apatite  ~trace 
Hematite ~trace 
 
Subhedral to anhedral, pale green gahnite (~0.10 to 0.98 mm in size) occurs as intergrown granular 
clusters, and contains inclusions of oxidised tabular ilmenite (~0.10 mm in length), sphalerite, and 
primary quartz (photos 185 and 186). Gahnite contains small inclusions of quartz, with inclusion-rich 
cores and inclusion-poor rims (photo 187).  Cores of gahnite appear to have a pseudoeuhedral shape, and 
parallel the octahedral growth faces of gahnite.  Inclusions are smaller than those noted in other sections.  
Gahnite is not fractured and exhibits sharp contacts (void of sericite) with its quartz host.  Locally 
anhedral, pale green gahnite exhibits a blebby texture (photo 188). 
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Photomicrographs: 
 
 
Grains of gahnite (Ghn) in quartz (Qtz), host inclusions of ilmenite (Ilm) 
Cross-polarised reflected light  
Photo 185 
 
 
Same view as 185 
Plane-polarised reflected light  
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Photo 186 
 
Gahnite grains exhibit minor sector zoning of dusty unidentified inclusions, with cores containing small 
rounded quartz inclusions 
Plane-polarised transmitted light  
Photo 187 
 
 
Isolated grains of gahnite within quartz exhibit a blebby texture                                                 
Plane-polarised transmitted light  
Photo 188 
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Sample Number: JB-10-061  
Sample Location: Globe  
Depth: Surface outcrop 
Rock Type:  Blue-quartz-gahnite rock 
Rock Description: A blue-quartz gahnite rock with disseminated pyrrhotite, magnetite, and arsenopyrite. 
 
Mineral Proportions: 
Mineral Name Proportion 
Quartz ~90% 
Gahnite ~9% 
Sericite ~1% 
Pyrrhotite ~trace 
Arsenopyrite ~trace 
Magnetite ~trace 
 
Subhedral to anhedral, pale green gahnite (~0.8 mm in size), which is hosted in medium to large grained 
quartz, forms interlocking clusters of grains.  Gahnite contains erratic inclusions of quartz, sericite, and 
pyrrhotite (photo 189 and 190). Quartz inclusions (0.5 mm in diameter) are primary and artifacts of 
gahnite grain nucleation, while sericite and pyrrhotite replaced gahnite. It is also locally rimmed by biotite 
and sericite (191). 
 
Pyrrhotite and subordinate amounts of magnetite and arsenopyrite are disseminated throughout the 
sample. Arsenopyrite locally occurs proximal to the margins of gahnite grains, whereas rounded corroded 
pyrrhotite grains are included within gahnite.    
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Photomicrographs: 
 
 
Grains of gahnite (Ghn) in quartz (Qtz) with quartz inclusions 
Plane-polarised transmitted light 
Photo 189 
 
Gahnite in a quartz host, containing numerous inclusions of primary quartz and secondary sericite (Ser) 
Plane-polarised transmitted light 
Photo 190 
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Gahnite with quartz inclusions near the grain core 
Plane-polarised transmitted light 
Photo 191 
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Sample Number: JB-10-062 
Sample Location: Globe 
Depth: Surface outcrop 
Rock Type:  Blue quartz-gahnite rock 
Sample Description:  A blue quartz-gahnite rock; gahnite is rimmed by thick accumulations of sericite, 
and locally intergrown with coarse blades of muscovite. 
 
Mineral Proportions: 
Mineral Name Proportion 
Quartz ~72% 
Gahnite ~15% 
Muscovite ~10% 
Magnetite ~2% 
Ilmenite ~1% 
 
Subhedral to anhedral grains of pale-green gahnite (0.05 to 1.00 mm in diameter) are isolated in a quartz 
matrix and contain erratic inclusions of quartz (0.02 mm in diameter).  Gahnite interiors have been 
partially replaced by fine aggregates of retrograde sericite.  Gahnite-quartz contacts are marked by the 
presence of retrograde sericite (~0.05 to 0.10 mm in thickness) (photos 192 and 193).  Locally, gahnite is 
intergrown with coarse muscovite (~0.10 mm in length) (photos 194 and 195).  Grains of gahnite contain 
inclusions of, and coexist adjacent to magnetite (0.15 mm in diameter) and ilmenite.  
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Photomicrographs: 
 
 
Grains of gahnite (Ghn) in quartz (Qtz), rimmed by retrograde sericite (Ser) 
Plane-polarized transmitted light 
Photo 192 
 
 
Same view as photo 524 
Cross-polarized transmitted light 
Photo 193 
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Relict grains of gahnite in quartz, surrounded by coarse blades of muscovite (Ms) 
Plane-polarized transmitted light  
Photo 194 
 
 
Same view as photo 526 
Cross-polarized transmitted light 
Photo 195 
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Sample Number: JB-10-063  
Sample Location: Globe  
Depth: Surface outcrop 
Rock Type:  Blue quartz-gahnite-biotite rock 
Rock Description:  A quartz-gahnite-biotite rock in which coarse biotite hosts ilmenite and apatite. 
 
Mineral Proportions: 
Mineral Name Proportion 
Quartz ~45% 
Gahnite ~30% 
Biotite ~11% 
Sericite ~10% 
Apatite ~2% 
Tourmaline ~trace 
Ilmenite ~2% 
Sphalerite ~trace 
 
Anhedral, pastel green gahnite (~4 mm in size) is intensely fractured  and broken into a granular mass 
(Photo 196 and 197).  Fractures are infilled with secondary biotite and sericite.  Gahnite contains 
inclusions of quartz (0.65 mm in size), sphalerite, and ilmenite. 
 
Gahnite is surrounded by coarse dark brown biotite (~3.5 mm in diameter) (photos 198) the latter of 
which contains inclusions of monazite, apatite, and anhedral ilmenite. Corroded-stringy ilmenite  was 
replaced by biotite (photo 199). 
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Photomicrographs: 
 
 
Relic intensely fractured gahnite (Ghn) intergrown with biotite (Bt) and sericite (Ser) in quartz (Qtz) 
Plane-polarised transmitted light 
Photo 196 
 
 
Same view as photo 197 
Cross-polarised transmitted light 
Photo 197 
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Coarse biotite contains gahnite (Ghn), ilmenite (Ilm) and apatite (Ap).  Note the stringy corroded texture 
of ilmenite that was replaced by biotite 
Plane-polarised transmitted light 
Photo 198 
 
 
 Corroded ilmenite grains that were replaced by biotite  
Cross-polarised reflected light 
Photo 199 
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Sample Number: JB-10-064 
Sample Location: Globe 
Depth: Surface outcrop 
Rock Type:  Blue quartz-gahnite rock 
Sample Description:  A blue quartz-gahnite rock with disseminated ilmenite 
 
Mineral Proportions: 
Mineral Name Proportion 
Quartz ~75% 
Gahnite  ~20% 
Ilmenite ~3% 
Sericite ~2% 
Monazite ~trace  
Chlorite ~1% 
Apatite ~trace 
 
Anhedral grains of pale green gahnite (~0.25 to 1.5 mm in diameter) exist both independently and as 
interlocking granular clusters (up to 3.2 mm in diameter) in quartz (photos 200 and 201).  Gahnite 
interiors are riddled with inclusions of quartz, giving grains a skeletal appearance.  Gahnite coexists with, 
and contains intergrowths of, ilmenite (photo 202).  Grain interiors have been partially replaced by 
sericite and locally contain coarse inclusions of monazite (photos 203 and 204).  Gahnite rims are 
relatively unaltered, but are, in places, altered to sericite (0.10 mm in length) and chlorite. 
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Photomicrographs: 
 
 
Grains of gahnite (Ghn) exist independently and as intergrown granular clusters.  Gahnite contains 
inclusions of quartz (Qtz) and ilmenite (Ilm)   
Plane polarized transmitted light 
Photo 200 
 
 
Grains of gahnite in a quartz matrix.  Gahnite rims are fresh, and relatively devoid of retrograde sericite  
Plane polarized transmitted light 
Photo 201 
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A corroded grain of gahnite in quartz, with intergrowths of ilmenite (Ilm) 
Plane-polarized transmitted light 
Photo 202 
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Gahnite with inclusions of quartz, ilmenite, sericite (Ser), and monazite (Mnz) 
Plane-polarized transmitted light 
Photo 203 
 
Same view as photo 61 
Cross-polarized transmitted light 
Photo 204 
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Sample Number: JB-10-065  
Sample Location: Globe  
Collection Location: Surface outcrop 
Rock Type:  Blue quartz-gahnite-biotite-apatite rock 
Rock Description: A blue quartz-gahnite-biotite-apatite rock, with trace amounts of garnet.  Gahnite 
forms in contact with biotite and forms intergrown clusters.  Ilmenite, magnetite, chalcopyrite, and galena 
are disseminated throughout the section. 
   
Mineral Proportions: 
Mineral Name Proportion 
Quartz ~63% 
Gahnite ~15% 
Biotite ~10% 
Sericite ~3% 
Sphalerite ~5% 
Apatite ~2% 
Monazite ~trace 
Ilmenite ~trace 
Garnet ~ 2% 
Magnetite ~trace 
Chalcopyrite ~trace 
Galena ~trace 
Pyrrhotite ~trace 
 
Anhedral, pale pink garnet (~0.25 mm in size) locally occur as inclusions within gahnite.  Garnet rims are 
corroded and partially replaced by sericite and secondary biotite.  
  
Anhedral, pale green gahnite (~0.25 to 1.5 mm in size) hosted in quartz is pervasively fractured, and 
infilled by retrograde sericite. Gahnite is also surrounded and crosscut by biotite.  Biotite, sericite, and 
gahnite form intergrown clusters (photo 205).  Gahnite is also partially replaced by fine aggregates of 
biotite and sericite, and contains inclusions of quartz.  Locally, gahnite cores exhibit a dusty texture, 
likely due to submicroscopic inclusions. 
 
Magnetite is disseminated throughout the sample, and is locally corroded next to coarse biotite.  Tabular 
ilmenite occurs adjacent to coarse biotite, where it grew parallel to the direction of basal cleavage of 
biotite.  Coarse pyrrhotite occurs adjacent to large biotite-gahnite intergrowths. 
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Photomicrographs: 
 
 
Fractured gahnite (Ghn) in-filled with biotite (Bt) and muscovite (Ms) that occurs adjacent to quartz (Qtz)                          
Plane-polarised transmitted light 
Photo 205 
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Sample Number: JB-10-066  
Sample Location: Globe  
Collection Location: Surface outcrop 
Rock Type:  Blue quartz-gahnite rock 
Rock Description:  A blue quartz-gahnite rock with a subordinate amount of disseminated magnetite and 
ilmenite.  Gahnite is riddled with quartz inclusions. 
 
Mineral Proportions: 
Mineral Name Proportion 
Quartz ~70% 
Gahnite ~25% 
Garnet ~1% 
Biotite ~trace 
Muscovite ~trace 
Sericite ~3% 
Monazite ~trace 
Magnetite ~trace 
Hematite ~trace (replaced magnetite) 
Ilmenite ~trace 
Sphalerite ~trace 
Pyrrhotite ~1% 
 
Anhedral, pale pink to translucent garnet locally occurs within gahnite.  Garnet was partially replaced by 
sericite and biotite.  Anhedral, pale green gahnite (~0.8 mm in size) intergrowths form granular masses.  
Gahnite interiors have a dusty texture and host primary quartz inclusions, which locally overprint gahnite 
grain margins (photo 206).   Sericite forms a thin rim around gahnite. Pyrrhotite and subordinate amounts 
of sphalerite, magnetite, and ilmenite are disseminated throughout the section. 
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Photomicrographs: 
 
 
Inclusion filled gahnite (Ghn) in quartz (Qtz)                                              
Plane-polarised transmitted light 
Photo 206 
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Sample Number: JB-10-068  
Sample Location: Round Hill 
Depth: Surface outcrop 
Rock Type:  Blue quartz-gahnite rock 
Sample Description:  A quartz-gahnite rock with subordinate amounts of garnet and staurolite. 
   
Mineral Proportions: 
Mineral Name Proportion 
Quartz ~70% 
Gahnite ~15% 
Garnet ~3% 
Staurolite ~3% 
Sericite ~7% 
Monazite ~trace 
Hematite ~trace 
Sphalerite ~2% 
Ilmenite ~trace 
Apatite ~trace 
 
Anhedral, pale pink to translucent grains of garnet (~0.10 mm in size) are isolated within quartz host, and 
surrounded by a thin rim of sericite. Anhedral, mottled green gahnite (~0.25 to 1.6 mm in size) in quartz 
is locally fractured lined by submicroscopic needle-like opaque inclusions, which likely consist of 
hematite or secondary sphalerite. Gahnite is locally intergrown with secondary staurolite, which formed 
during the Delmarian Orogeny (photo 207). Gahnite is surrounded by a rim (up to 0.07 mm wide) of 
sericite. Isolated corroded anhedral grains exhibit pressure shadows of sericite. Gahnite with pressure 
shadows locally occur adjacent to apatite and anhedral garnet (photos 208 and 209). 
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Photomicrographs: 
 
 
A grain of corroded gahnite (Ghn) in contact with euhedral, secondary staurolite (St) in quartz (Qtz) 
Plane-polarised transmitted light 
Photo 207 
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Gahnite with pressure shadows defined by sericite (Ser) and apatite (Ap)  
Plane-polarised transmitted light 
Photo 208 
 
 
 
Same view as 208  
Cross-polarised transmitted light 
Photo 209 
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Sample Number: JB-10-069 
Sample Location: Round Hill 
Depth:  Surface outcrop 
Rock Type:  A blue quartz-gahnite rock 
Sample Description:  A blue quartz-gahnite rock with disseminated magnetite 
 
Mineral Proportions: 
Mineral Name Proportion 
Quartz ~63% 
Gahnite ~30% 
Biotite ~4% 
Magnetite ~2% 
Sericite ~1% 
Ilmenite ~trace 
 
Large, subhedral grains of green gahnite (up to 3.3 mm in diameter) coexist with smaller interlocking 
gahnite in a quartz matrix (photos 210, 211, and 212).   Gahnite-quartz boundaries are unaltered, and 
show only minor sericitization. Gahnite interiors are pervasively fractured and partially replaced by fine 
aggregates of biotite and sericite.  Gahnite is intergrown with anhedral grains of ilmenite and magnetite 
(photos 213 and 214). 
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Photomicrographs: 
 
 
A large grain of gahnite (Ghn) in quartz (Qtz) 
Plane-polarized transmitted light 
Photo 210 
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Interlocking grains of gahnite occur as large a granular mass and are intergrown with disseminations of 
ilmenite (Ilm).   
Plane-polarized transmitted light 
Photo 211 
 
 
Same view as photo 211.  Note that gahnite interiors have been partially replaced by fine aggregates of 
biotite and sericite 
Cross-polarized transmitted light 
Photo 212 
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Gahnite intergrown with magnetite (Mag) in quartz  
Plane-polarized transmitted light 
Photo 213 
 
 
Same view as photo 213.  Note magnetite contain exsolution lamellae of ilmenite 
Plane-polarized reflected light  
Photo 214 
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Sample Number: JB-10-070 
Sample Location: Round Hill 
Depth: Surface outcrop 
Rock Type:  Blue quartz-gahnite rock 
Sample Description: A blue quartz gahnite rock; gahnite exhibit a bimodal grain size distribution. 
 
Mineral Proportions: 
Mineral Name Proportion 
Quartz ~83% 
Gahnite ~12% 
Magnetite ~2% 
Ilmenite ~1% 
Rutile ~1% 
 
Anhedral grains of pale-green gahnite isolated within a quartz matrix display a bimodal size distribution 
(0.02 to 0.05 in diameter) and (0.25 to 1.0 mm in diameter) (photo 215).  Smaller grains of gahnite 
contain submicroscopic inclusions of quartz and are thinly rimmed by retrograde sericite (photo 216 and 
217).  Larger gahnite are pervasively fractured, with fracture planes lined by opaque minerals (likely 
sphalerite or Fe oxide).  
 
Trace-opaque minerals (pyrrhotite (~0.05 to 1.0 mm in diameter), magnetite, and rutile (~0.05 mm in 
length)) are disseminated throughout the section.  Grains of magnetite are partially oxidized and contain 
exsolution lamellae of ilmenite.   
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Photomicrographs: 
 
 
Grains of gahnite (Ghn) in quartz (Qtz) exhibit a bimodal grain size distribution 
Plane-polarized transmitted light 
Photo 215 
 
 
Small grains of anhedral gahnite coexist with tabular disseminations of ilmenite (Ilm); gahnite grains 
contain submicroscopic inclusions of quartz and are partially rimmed by sericite (Ser) 
Plane-polarized transmitted light 
Photo 216 
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Same view as photo 216 
Cross-polarized transmitted light 
Photo 217 
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Sample Number: JB-10-072 
Sample Location: Round Hill 
Depth: Surface outcrop 
Rock Type: Blue quartz-gahnite rock 
Sample Description:  A blue quartz-gahnite rock; grains of gahnite are surrounded by retrograde sericite 
and texturally overprinted by secondary staurolite 
 
Mineral Proportions: 
Mineral Name Proportion 
Quartz ~87% 
Gahnite ~7% 
Sericite ~2% 
Hematite ~2% 
Staurolite ~1% 
Biotite ~1% 
Sphalerite ~trace 
Ilmenite ~trace 
 
Anhedral grains of pale-green gahnite (~0.10 to 2.50 mm in size) are pervasively fractured and 
surrounded by retrograde sericite.  Fracture planes within grains of gahnite are lined by submicroscopic 
opaque minerals (likely aggregates of secondary sphalerite and iron oxides). Gahnite rims may host 
overgrowths of secondary staurolite (up to 0.2 mm in length) (photos 218 and 219).  Frequently, gahnite 
is intergrown with coarse biotite (up to 1.0 mm in length), orange sphalerite, and oxidized ilmenite.       
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Photomicrographs: 
 
 
Corroded grains of gahnite (Ghn) surrounded by retrograde sericite (Ser) is texturally overprinted by 
secondary staurolite (St) and biotite (Bt)  
Plane-polarized transmitted light 
Photo 218 
 
 
 
Same view as photo 218 
Cross-polarized transmited light 
Photo 219 
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Sample Number: JB-10-073 
Sample Location: Flying Doctor 
Depth: Surface outcrop 
Rock Type: Blue quartz-gahnite rock 
Sample Description: A blue quartz-gahnite rock, with subordinate amounts of intergrown muscovite.  
Grains of gahnite exist both independently and as interlocking granular clusters.  
 
Mineral Proportions: 
Mineral Name Proportion 
Quartz ~87% 
Gahnite ~10% 
Muscovite ~3% 
Sericite ~trace 
 
Anhedral grains of pale-green gahnite (0.10 – 2.4 mm in diameter) form large interlocking granular 
clusters (up to 3.5 mm in length) in quartz.  Gahnite interiors contain inclusions of quartz (~0.01 mm in 
diameter) and have been partially replaced by fine aggregates sericite (Photos 220).  Locally gahnite is 
intergrown with coarse blades of muscovite (up to 1.5 mm in length) (photos 221 and 222). 
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Photomicrographs: 
 
 
 
Grains of gahnite (Ghn) form massive interlocking granular clusters.  Gahnite interiors contain inclusions 
of quartz (Qtz) and have been partially replaced by fine aggregates of sericite (Ser) 
Plane-polarized transmitted light 
Photo 220 
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Corroded grains of gahnite intergrown with coarse muscovite (Ms) in quartz  
Plane-polarized transmitted light 
Photos 221 
 
 
Same view as photo 221 
Cross-polarized transmitted light 
Photo 222  
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Sample Number: JB-10-074  
Sample Location: Flying Doctor  
Depth: Surface outcrop 
Rock Type:  Blue quartz-gahnite rock  
Rock Description:  A quartz-gahnite rock with intensely fractured gahnite and disseminated sphalerite, 
pyrrhotite, and ilmenite.  Gahnite is oxidised and surrounded by carbonates. 
 
Mineral Proportions: 
Mineral Name Proportion 
Quartz ~50% 
Gahnite ~30% 
Biotite ~1% 
Muscovite ~7% 
Sericite ~1% 
Carbonate material ~10% 
Magnetite ~trace 
Sphalerite ~trace 
Pyrrhotite ~trace 
Hematite ~trace 
Chalcopyrite ~trace 
Ilmenite ~trace 
Monazite ~1% 
 
Subhedral, pale green gahnite (~0.25 to 3.5 mm in size) hosted by quartz is orthogonally fractured and 
partially replaced by fine-grained sericite (photo 223 and 224). Fractures are locally filled with secondary 
carbonate material (likely calcite) and muscovite, which crosscut gahnite.  
  
Magnetite, sphalerite, chalcopyrite and pyrrhotite are disseminated throughout the section.  Magnetite 
occurs locally within a mass of secondary hematite and as isolated disseminations throughout the sample. 
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Photomicrographs: 
 
 
A grain of gahnite (Ghn) in quartz (Qtz) is pervasively fractured in an orthogonal pattern and partially 
replaced by sericite (Ser).  Gahnite is surrounded and infilled with calcite (Cb) 
Plane-polarised transmitted light 
Photo 223 
 
 
Same view as photo 223, gahnite is partially replaced by sericite, and surrounded and infilled with calcite 
Cross-polarised transmitted light 
Photo 224 
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Sample Number: JB-10-075 
Sample Location: Flying Doctor 
Depth: Surface outcrop 
Rock type:  Quartz-gahnite rock 
Rock Description: Gahnite-quartz rock that is characterized by isolated euhedral grains of gahnite that 
are rimmed by sericite. The sample is oxidised, due to its exposure at the surface. 
 
Mineral Proportions: 
Mineral Name Proportion 
Quartz ~80% 
Gahnite ~15% 
Sericite ~5% 
Hematite ~trace 
 
Isolated euhedral to subhedral, pale green gahnite (~0.25 to 2.00 mm in size) that occurs within quartz is 
pervasively fractured.  Fracture planes host needle-like submicroscopic opaque minerals (likely hematite 
or secondary sphalerite).  Isolated grains of gahnite locally have pressure shadows of sericite (photo 225 
and 226).  
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Photomicrographs: 
 
 
A grain of gahnite (Ghn) in quartz (Qtz), with sericite (Ser) in pressure shadows.  Note the accumulation 
of needle shaped opaque minerals along fracture planes 
Plane-polarised transmitted light 
Photo 225 
 
 
Gahnite in quartz with sericite pressure shadows 
Cross-polarised transmitted light 
Photo 226 
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Sample Number: JB-10-077 
Sample Location: Flying Doctor 
Depth: Surface outcrop 
Rock type:  Quartz-gahnite rock 
Rock Description:  A quartz-gahnite rock with coarse biotite and apatite.   
 
Mineral Proportions: 
Mineral Name Proportion 
Quartz ~55% 
Gahnite ~18% 
Garnet ~5% 
Biotite ~10% 
Hematite ~6% 
Apatite ~2% 
Sphalerite ~4% 
Tourmaline ~trace 
 
Subhedral, pale pink garnet (~0.25 mm in size) occurs adjacent to coarse-grained biotite and as isolated 
grains within quartz.  Subhedral, pale green gahnite (~5.0 mm in size) forms large granular clusters, and 
is partially replaced by sericite, as well as coarse muscovite (~0.25 mm in length).  Gahnite locally 
contains quartz inclusions (~0.10 mm in diameter) near grain cores (photos 227 and 228).    
 
Locally gahnite clusters are separated from coarse biotite and hematite (~14.0 mm wide) by a layer of 
quartz.  Gahnite adjacent to the quartz unit display irregular rims, partially resembling a symplectite 
texture.  Isolated, subhedral pale green gahnite (0.65 mm in diameter) occurs in quartz.   
 
Coarse oxidised biotite constitutes roughly 10% of the section (photo 229) where it occurs adjacent to 
hematite (photo 230). Coarse apatite (1.3 mm in size) is relatively abundant, locally occurring adjacent to 
quartz. 
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Photomicrographs: 
 
 
Gahnite (Ghn) forms massive granular clusters (up to ~5 mm in diameter).  Note the coarse muscovite 
(Ms) and quartz (Qtz) between grains of gahnite 
Plane-polarised transmitted light 
Photo 227 
 
 
Same view as photo 227 
Cross-polarised transmitted light 
Photo 228 
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Coarse biotite (Bt) adjacent to hematite (Hem)  
Plane-polarised transmitted light 
Photo 229 
 
 
Hematite surrounding biotite and quartz  
Cross-polarised transmitted light 
Photo 230 
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Sample Number: JB-10-078 
Sample Location: Flying Doctor 
Depth: Surface outcrop 
Rock Type:  Blue quartz-gahnite rock 
Sample Description:  A blue quartz-gahnite rock; containing subordinate amounts of muscovite and 
trace amounts of disseminated sulfides (galena, pyrrhotite, and chalcopyrite)  
 
Mineral Proportions: 
Mineral Name Proportion 
Quartz ~75% 
Gahnite ~14% 
Muscovite ~10% 
Ilmenite ~1% 
Galena ~trace 
Chalcopyrite ~trace 
Pyrrhotite ~trace 
 
Anhedral grains of pale-green gahnite (~0.1 to 2.5 mm in diameter) have corroded rims and pervasively 
fractured interiors.  Gahnite fracture planes are line by accumulations of cicular opaque minerals (likely 
an iron oxide).  Although gahnite rims are relatively free of sericite, gahnite is frequently intergrown with 
coarse blades of muscovite (up to 0.10 mm in length) (Photos 231 and 232).   Muscovite also exists 
independently of gahnite as isolated blades in quartz (~0.30 mm in length). Trace amounts of sulfides 
(galena, chalcopyrite, and pyrrhotite) are disseminated throughout the section.  
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Photomicrographs: 
 
 
A corroded grain of gahnite (Ghn) in quartz (Qtz) is pervasively fractured; fracture planes are lined by 
submicroscopic opaque minerals (likely an iron oxide) 
Plane-polarized transmitted light 
Photo 231 
 
 
Same view as photo 231.  Gahnite-quartz boundaries are marked by sparse accumulations of sericite (Ser) 
Cross-polarized transmitted light 
Photo 232 
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Sample Number: JB-10-079 
Sample Location: Flying Doctor 
Depth: Surface outcrop 
Rock Type:  Blue quartz-gahnite rock 
Rock Description:  A quartz-gahnite rock; gahnite is spatially associated with muscovite and monazite.  
 
Mineral Proportions: 
Mineral Name Proportion 
Quartz ~75% 
Gahnite ~20% 
Rutile ~4% 
Magnetite ~trace 
Muscovite ~1% 
Monazite ~trace 
 
Corroded, subhedral, pale green gahnite (~0.65 mm in size) contains primary quartz inclusions (photo 233 
and 234). Gahnite rims are fresh, and were not subject to sericite alteration. Gahnite also contains 
inclusions of monazite (0.2 mm in size), muscovite, and rounded submicroscopic opaques (likely 
magnetite or sphalerite). Gahnite locally occurs adjacent to coarse tabular rutile (photos 235 and 236). 
Rutile needles occur locally within quartz, both proximal and distal to gahnite. Magnetite grains in quartz 
were altered to hematite. 
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Photomicrographs: 
 
 
Corroded, euhedral to subhedral gahnite (Ghn) containing numerous inclusions of rounded quartz (Qtz) 
Plane-polarised transmitted light 
Photo 233 
 
 
Same view as Photo 233 
Cross-polarised transmitted light 
Photo 234 
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Gahnite grains contain inclusions of magnetite and primary quartz, and occur adjacent to needles of rutile 
(Rt) 
Plane-polarised transmitted light 
Photo 235 
 
 
Same view as 235; note the rutile needles 
Plane-polarised reflected light 
Photo 236 
Rt 
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Sample Number: JB-10-080 
Sample Location: Flying Doctor 
Depth: Surface outcrop 
Rock Type:  Blue quartz-gahnite rock 
Sample Description:  A quartz-gahnite rock; gahnite contains inclusions of monazite and is intergrown 
with muscovite and ilmenite.  
 
Mineral Proportions: 
Mineral Name Proportion 
Quartz ~88% 
Gahnite  ~9% 
Muscovite ~2% 
Ilmenite ~1% 
Monazite ~trace 
 
Subhedral grains of pale-green gahnite (~0.10 to 1.5 mm in diameter) occur as both isolated grains and as 
interlocking granular clusters in a quartz matrix (photos 237 and 238).  Gahnite rims are unaltered and 
were not subject to sericite alteration.  Gahnite contains intergrowths of quartz, muscovite, monazite ( 
~0.08 mm in diameter), and rounded submicroscopic opaques (likely magnetite and sphalerite) (photos 
239 and 240).  Locally, gahnite is intergrown with tabular disseminations of ilmenite (photos 241 and 
242). 
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Photomicrographs: 
 
 
Intergrown grains of gahnite (Ghn) form large granular aggregates in quartz (Qtz) 
Plane-polarized transmitted light 
Photo 237 
 
 
A grain of gahnite containing numerous inclusions of rounded quartz coexists adjacent to tabular grains of 
ilmenite (Ilm) 
Plane-polarized transmitted light 
Photo 238 
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A grain of gahnite in quartz contains an inclusion of monazite (Mnz) 
Plane-polarized transmitted light 
Photo 239 
 
 
Same view as photo 239.  Note that gahnite interiors are partially replaced by fine aggregates of sericite 
(Ser) 
Cross-polarized transmitted light 
Photo 240 
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Grains of gahnite intergrown with tabular ilmenite 
Plane-polarized transmitted light 
Photo 241 
 
 
Same view as photo 241 
Plane-polarized reflected light 
Photo 242 
 
 
 
 
 
APPENDIX B  393 
 
 
 
Sample Number: JB-10-081 
Sample Location: Zinc Lode at the North mine 
Hole: NM-10783 
Depth:  257.9 meters 
Rock Type:  Quartz-microcline-plagioclase-garnet rock 
Sample Description:  Interlocking grains of quartz, plagioclase, and microcline have been subject to 
intense sericitization, with relict grains of feldspar nearly entirely replaced by sericite. Disseminated 
grains of garnet, gahnite, sillimanite, and pyrrhotite occur pervasively throughout the section.   
 
Mineral Proportions: 
Mineral Name Proportion 
Quartz ~40% 
Microcline ~20% 
Sericite ~15% 
Plagioclase ~10% 
Garnet ~7% 
Pyrrhotite ~3% 
Ilmenite ~2% 
Gahnite ~2% 
Sillimanite ~1% 
Monazite ~<1% 
 
A matrix dominated by interlocking grains of quartz (1.0 to 4.0 mm in diameter) and feldspar (plagioclase 
and microcline) hosts intergrowths of sillimanite, garnet, gahnite, ilmenite, and disseminated pyrrhotite.  
Grains of feldspar are highly corroded and are almost completely replaced by retrograde sericite (photo 
243 and 244). Within thick patches of sericite (up to 3.0 mm in length), relict grains of intergrown of 
microcline and vermicular quartz exhibit a granophyre texture (Photos 245 and 246).  Thick patches of 
sericite additionally contain intergrowths of garnet, sillimanite, and ilmenite.  
 
Anhedral grains of green gahnite (~0.4 mm in diameter) occur both independently and intergrown with 
garnet, ilmenite, sillimanite, and pyrrhotite (photo 247).  Gahnite-quartz and gahnite-feldspar contacts are 
marked by thick accumulations of retrograde sericite (up to ~0.05 mm thick).  In places, gahnite coexists 
with, and is texturally overprinted by, sillimanite.   
 
Anhedral grains of pale-pink garnet (0.05 to 0.25 mm in diameter) occur as isolated grains in quartz, 
within thick patches of retrograde sericite, and intergrown with ilmenite (~0.1 to 0.25 mm in diameter) 
and tabular sillimanite (~0.05 mm in length).  Locally, within a patch of sericite, a corroded grain of 
garnet is surrounded by prismatic blades of sillimanite. 
 
Metallic minerals are disseminated throughout the section and are dominated by single-phase grains of 
ilmenite, with a lower abundance of isolated grains of pyrrhotite. 
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Photomicrographs: 
 
 
Relict grains of microcline (Mc) intergrown with quartz (Qtz) have been mostly replaced by sericite (Ser)  
Plane-polarized transmitted light 
Photo 243 
 
 
Same view as photo 243.  Retrograde sericite overprint and crosscut relict grains of microcline 
Cross-polarized transmitted light 
Photo 244 
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Intergrowths of microcline and vermicular quartz exhibit a granophyre texture.  Microcline has been 
replaced by coarse aggregates of sericite, which locally contains intergrowths of monazite (Mnz) 
Plane-polarized transmitted light 
Photo 245 
 
 
Same view as photo 245 
Cross-polarized transmitted light 
Photo 246 
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Intergrown garnet (Grt), gahnite (Ghn), and sillimanite (Sil) adjacent to a dissemination of pyrrhotite (Po) 
Plane-polarized transmitted light 
Photo 247  
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Sample Number: JB-10-082 
Sample Location: Zinc Lode 
Drill Hole: NM-10783 
Depth: 277.8 meters 
Rock Type: A sulphide-bearing quartz-gahnite-garnet rock 
Rock Description:  A quartz-gahnite-garnet selvedge around massive base metal mineralisation.  
Metallic minerals are dominated by sphalerite with subordinate pyrite, pyrrhotite, galena and 
chalcopyrite. Gahnite cores are well defined by rounded inclusions of quartz. 
   
Mineral Proportions: 
Mineral Name Proportion 
Quartz ~40% 
Gahnite ~15% 
Garnet ~5% 
Sericite ~3% 
Sphalerite ~30% 
Galena ~3% 
Pyrrhotite ~5% 
Chalcopyrite ~2% 
Pyrite ~2% 
 
Anhedral, pale green gahnite (~0.25 mm in size) in massive quartz and rimmed by sericite locally 
possesses  a symplectitic/blebby texture (photo 248).  Locally, gahnite cores are poikiloblastic and filled 
with rounded quartz inclusions and pyrrhotite.  Cores are pseudo-euhedral in shape, mirroring the 
octahedral crystallographic growth faces of gahnite (photo 248).  Gahnite grains proximal to the massive 
sulphides are paler in color than those distal to sulphides, and may exhibit a blebby texture (photo 249).  
 
Anhedral, pale pink garnet occurs adjacent to and within quartz in base-metal sulphides.  Garnet contains 
quartz inclusions. 
 
Sphalerite and subordinate amounts of pyrite, pyrrhotite, galena and chalcopyrite form massively within 
the section.  Sphalerite contains fine disseminations of chalcopyrite and massive pyrite, pyrrhotite, and 
galena. Pyrite is corroded and riddled with pyrrhotite inclusions, suggesting that it is secondary.  Pyrite 
occurs adjacent to galena, which, like pyrite, contains inclusions of pyrrhotite 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
APPENDIX B  398 
 
 
 
Photomicrographs: 
 
 
Gahnite cores exhibit a poikiloblastic texture filled with rounded quartz (Qtz) inclusions. These cores 
exhibit a pseudo-euhedral form, mirroring octahedral crystallographic growth characterized by gahnite 
(Ghn). Gahnite grain is hosted in quartz, and occurs adjacent to disseminated pyrrhotite (Po)                               
Plane-polarised transmitted light 
Photo 248 
 
 
Gahnite in a quartz host exhibits a corroded blebby texture                                                          
Plane-polarised transmitted light  
Photo 249 
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Sample Number: JB-10-084 
Sample Location: Zinc Lode 
Hole: NM-10783 
Depth: 286.9 meters 
Rock Type:  Quartz-sillimanite-garnet rock 
Rock Description: A quartz-sillimanite-garnet rock, containing less than 1% of gahnite, was sampled 
from a quartz sweat-out in a metapelite.  The rock is well foliated, and contains abundant sillimanite.  
  
Mineral Proportions: 
Mineral Name Proportion 
Quartz ~30% 
Garnet ~10% 
Sillimanite ~14% 
Gahnite ~1% 
Feldspar ~25% 
Biotite ~5% 
Apatite ~trace% 
Sericite ~10% 
Monazite ~1% 
Chlorite ~1% 
Pyrrhotite ~3% 
 
Anhedral, light pink garnet (~0.32 to 1.3 mm in size) hosted in quartz, is either isolated or forms adjacent 
to biotite and sillimanite (photo 250).  Sillimanite occurs as coarse crystals or fibrolite in trains (1.6 to 3.2 
mm in length) that form parallel to the foliation produced by biotite.  It also locally cross-cuts layers of 
garnet.  Isolated garnets contain inclusions of primary quartz and monazite (photo 251).  In places, garnet 
occurs adjacent to large patches of fine sericite (~2.4 mm across) and coarse grained biotite.  Garnets are 
pervasively fractured.  
 
One single anhedral, pastel green colored gahnite (0.40 mm in size) occurs in the sample (photo 252) and 
is hosted in quartz and surrounded by adjacent sillimanite, biotite and sericite.  Disseminated opaque 
minerals are dominated by pyrrhotite, which form parallel to the principle direction of foliation.  
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Photomicrographs: 
 
 
Anhedral, light pink to translucent garnet (Grt) hosted in quartz (Qtz) occurs adjacent to biotite (Bt) and 
sillimanite (Sil) 
Plane-polarised transmitted light 
Photo 250 
 
 
A grain of garnet with a large monazite (Mnz) inclusion occurs adjacent to a large patch of fine sericite 
(likely replacing feldspar) and coarse biotite 
Plane-polarised transmitted light 
Photo 251 
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The only grain of gahnite (Ghn) in the polished thin section occurs adjacent to sillimanite and biotite and 
is hosted by quartz 
Plane-polarised transmitted light 
Photo 252 
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Sample Number: JB‐10‐085 
Sample Location: Zinc Lode at the North mine 
Hole: NM-10783 
Depth: 291.5 meters 
Rock Type: A quartz-sillimanite gneiss  
Sample Description:  A quartz-sillimanite gneiss containing intergrowths of garnet, biotite, gahnite, and 
pyrrhotite 
 
Mineral Proportions: 
Mineral Name Proportion 
Quartz ~60% 
Sillimanite ~20% 
Garnet ~5% 
Biotite ~5% 
Sericite ~5% 
Ilmenite ~2% 
Gahnite ~2% 
Pyrrhotite ~1% 
Chalcopyrite ~trace 
Microcline ~trace 
 
A quartz dominated matrix with relict grains of microcline that have been subject to intense sericitization, 
and in some places are completely replaced by sericite (photos 253 and 254), contains    
Anhedral pale-pink garnets (~0.40 mm in diameter)  intergrown with biotite, gahnite, and sillimanite.  
Garnet and gahnite are in textural equilibrium (photo 255).  Anhedral grains of green gahnite (~0.10 mm 
in diameter) are intergrown with sillimanite, garnet, and biotite.  Gahnite texturally overprint grains of 
sillimanite, suggesting gahnite over grew earlier formed sillimanite (photo 256).  Grains of sillimanite 
exist both as prismatic crystals and in trains of fibrolite (up to 2.4 mm in length), that contain corroded 
intergrowths of ilmenite and pyrrhotite.  Anhedral grains of pyrrhotite (~0.70 mm in diameter) occur as 
both single and multi-phase disseminations with chalcopyrite.   
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Intergrown grains of quartz (Qtz) and microcline (Mc) are separated by coarse grains of retrograde 
sericite (Ser) 
Cross-polarized transmitted light 
Photo 253 
 
 
Same view as photo 253 
Plane-polarized transmitted light 
Photo 254 
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Coexisting gahnite (Ghn), garnet (Grt), and sillimanite (Sil) in quartz (Qtz); gahnite and garnet occur in 
apparent textural equilibrium 
Plane-polarized transmitted light 
Photo 255 
  
 
Gahnite that has overgrown earlier formed sillimanite 
Plane-polarized transmitted light 
Photo 256 
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Sample Number: JB-10-086  
Sample Location: Zinc Lode 
Hole: NM-10783 
Depth: 308.7meters 
Rock Type:  Garnet-quartz-sillimanite-biotite-gahnite rock 
Rock Description: The sample is dominated by garnet and biotite with subordinate amounts of gahnite 
and sillimanite. Gahnite is in textural equilibrium with garnet and sillimanite. 
 
Mineral Proportions: 
Mineral Name Proportion 
Quartz ~20% 
Garnet ~55% 
Sillimanite ~15% 
Gahnite ~7% 
Biotite ~10% 
Sphalerite ~3% 
Chalcopyrite ~trace 
Pyrrhotite ~4% 
Ilmenite ~1% 
Monazite ~trace 
 
Subhedral to anhedral, pale pink garnet (~0.25 mm in size) is fractured and contains inclusions of gahnite, 
biotite, and quartz. Garnet is locally intergrown and in textural equilibrium with biotite, gahnite, and 
quartz (Photo 257 and 258). The garnet-quartz-gahnite-biotite assemblage comprises three quarters of the 
section and is terminated by a sharp contact with a mass of quartz and sillimanite.  At this contact, grains 
of garnet locally exhibit a corroded texture (259 and 260), whereas quartz grains are fractured and contain 
sillimanite inclusions and show sericite rims. 
 
Subhedral, pale green gahnite (~0.10 to 0.25 mm in size) exhibits a textural zonation, with poikiloblastic 
quartz inclusion-rich cores and inclusion-poor rims (photo 261). Cores have a pseudoeuhedral shape; 
resembling the octahedral crystallographic growth faces of gahnite. Gahnite occurs adjacent to and is 
crosscut by sillimanite (Photo 262, 263, and 264). 
  
Primary dark brown biotite is spatially associated with sulphides and contains inclusions of monazite and 
occurs interstitially between grains of garnet. Secondary light brown-apple green biotite locally crosscuts 
both garnet and gahnite, and occurs adjacent to fibrolite and well-formed tabular grains sillimanite.  
Pyrrhotite and sphalerite occur in biotite along the contact between garnet and biotite.  
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Photomicrographs:  
 
 
Garnet (Grt) and gahnite (Ghn) with inclusions of biotite (Bt) in contact with sillimanite (Sil)  
Plane-polarised transmitted light 
Photo 257 
 
 
Same view as photo 257  
Cross-polarised transmitted light 
Photo 258 
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An intergrowth of garnet, gahnite, and biotite unit in contact with quartz and sillimanite  
Plane-polarised transmitted light  
Photo 259 
 
 
 
Same view as photo 259 
 Cross-polarised transmitted light 
Photo 260 
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Gahnite that has overgrown earlier-formed sillimanite  
Plane-polarised transmitted light 
Photo 261 
 
 
Gahnite grains locally exhibit poikiloblastic cores full of quartz inclusions. Note how cores are pseudo-
euhedral in shape, mirroring the octahedral growth faces of gahnite                                         
   Plane-polarised transmitted light 
Photo 262 
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Intergrown biotite, garnet, and gahnite; both garnet and gahnite grains contain quartz inclusions near grain 
cores                                                               
Plane-polarised transmitted light 
Photo 263 
 
 
Same view as 263 
Cross-polarised transmitted light 
Photo 264 
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Sample Number: JB-10-087 
Sample Location: Zinc Lode 
Hole: NM-10783 
Depth: 332.0 meters 
Rock type:  Massive sulphides consisting of sphalerite and a subordinate amount of galena, pyrrhotite, 
and chalcopyrite; accompanied by quartz, garnet, and gahnite. 
Rock Description:  High-grade base metal mineralisation dominated by sphalerite with a subordinate 
amount of galena, pyrrhotite, and chalcopyrite.   
 
Mineral Proportions: 
Mineral Name Proportion 
Quartz ~20% 
Garnet ~8% 
Gahnite ~7% 
Sericite ~1% 
Chalcopyrite ~6% 
Pyrrhotite ~3% 
Galena ~20% 
Pyrite ~trace 
Sphalerite ~35% 
Acanthite ~trace 
Magnetite ~trace 
Tennantite ~trace 
Proustite ~trace 
Native silver ~trace  
 
Anhedral, pale green gahnite occurs within quartz in sulphides.  Gahnite is armored by garnet (photo 
265).  Gahnite locally contains inclusions of galena, and is surrounded by sphalerite.  Gahnite rims are 
fresh and exhibit minimal sericitization. 
 
One subhedral, pale green gahnite (2.4 mm across) locally occurs in a massive sulphide host, adjacent to 
sphalerite, pyrrhotite, galena, and chalcopyrite (photo 266 and 267). The gahnite is fractured and infilled 
by secondary galena and sphalerite.   
 
Dominated by sphalerite, with subordinate amounts of anhedral galena and pyrrhotite, the section is 
comprised of greater than 60% sulphides.  Sphalerite also contains exsolved chalcopyrite, whereas galena 
contains inclusions of tennantite, acanthite, proustite, and native silver. Galena contains tennantite, 
acanthite, proustite, and native silver.   
 
 
 
 
 
 
 
 
 
 
 
 
APPENDIX B  411 
 
 
 
Photomicrographs: 
 
 
Gahnite (Ghn) with garnet (Grt) overgrowths, located at the contact between sphalerite (Sp) and quartz 
(Qtz) 
Plane-polarised transmitted light 
Photo 265 
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A large grain of fractured gahnite in contact with massive sulphides including sphalerite (Sp) 
Plane-polarised transmitted light 
Photo 266 
 
 
Same view as photo 266; a grain of gahnite in contact with sphalerite, pyrrhotite (Po), galena (Gn), and 
chalcopyrite (Ccp) 
Plane-polarised reflected light 
Photo 267 
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Sample Number: JB-10-088 
Sample Location: Zinc Lode 
Hole: NM-10783 
Depth: 326.1 meters 
Rock Type:  A Sulphide-bearing quartz-biotite-gahnite-garnet-sillimanite Rock 
Rock Description:  It contains both massive and disseminated sulphides dominated by sphalerite, with 
subordinate pyrite and pyrrhotite.  Isolated disseminations consist of sphalerite and chalcopyrite.  The 
sample is well-foliated, with gahnite occurring in both garnet-quartz and sillimanite-rich quartz layers. 
 
Mineral Proportions: 
Mineral Name Proportion 
Quartz ~40% 
Garnet ~10% 
Gahnite ~10% 
Biotite ~10% 
Monazite ~trace 
Sillimanite ~1% 
Sericite ~2% 
Sphalerite ~7% 
Chalcopyrite ~3% 
Pyrite ~5% 
Löllingite ~trace 
Pyrrhotite ~2% 
Ilmenite ~2% 
Hematite ~5% 
 
Subhedral, pale pink garnet (~1.6 mm in size) occurs in contact with massive sulphides and as isolated 
grains within a quartz host.  Garnet is pervasively fractured and locally contains quartz inclusions, as well 
as pyrrhotite and ilmenite inclusions, but is less fractured in contact with sulphides. The margins of garnet 
are rimmed by secondary biotite and sericite.   
 
Anhedral, pale green gahnite (~0.10 to 1.2 mm in size) exhibits a corroded texture that is rimmed by 
sericite. Gahnite contains inclusions of pyrrhotite, sillimanite, and quartz (Photo 474).  Gahnite and 
sillimanite occur adjacent to one another, but sillimanite also occurs in gahnite suggesting that gahnite 
overgrew sillimanite (photo 268).  Gahnite is also locally in contact with pyrrhotite, secondary biotite and 
garnet. Gahnite color fades near sulphide mineralisation, making   nearly translucent gahnite difficult to 
identify from garnet.  
  
Dominated by sphalerite, massive sulphides also contain a subordinate amount of pyrite, chalcopyrite and 
pyrrhotite.  Pyrite cores contain löllingite.  Disseminated sulphides are dominated by pyrrhotite, 
sphalerite, and chalcopyrite, with subordinate quantities of ilmenite.  Ilmenite forms in a dendritic pattern.  
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Photomicrographs: 
 
 
A grain of gahnite (Ghn) in quartz (Qtz) locally adjacent to sillimanite (Sil) and biotite (Bt)  
Plane-polarised transmitted light 
Photo 268 
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Sample Number: JB-10-089 
Sample Location: Zinc Lode at the North mine 
Hole: NM-10783 
Depth: 356.1 meters 
Rock Type: A sulfide bearing quartz-gahnite rock 
Sample Description:  A quartz-gahnite rock, with subordinate amounts of intergrown microcline and 
plagioclase feldspar.  The section contains disseminations of galena and trace multiphase disseminations 
of chalcopyrite and pyrrhotite. 
 
Mineral Proportions: 
Mineral Name Proportion 
Quartz ~65% 
Gahnite ~12% 
Microcline ~8% 
Galena ~8% 
Plagioclase ~5% 
Sericite ~2% 
Apatite ~<1% 
Pyrrhotite ~<1% 
Ilmenite ~<1% 
Biotite  ~<1% 
Chalcopyrite ~trace 
 
Anhedral grains of pale-green gahnite (~0.10 to 1.5 mm in diameter) are thickly rimmed by retrograde 
sericite (up to 0.05 mm thick) (photos 269, 270 and 271).  Gahnite coexists with microcline, plagioclase 
feldspar, and anhedral disseminations of galena (Photos 272 and 273).  Gahnite interiors are relatively 
unaltered and in some places contain intergrowths of quartz (<0.1 mm in diameter) and biotite. 
 
Sulfide mineralization is dominated by disseminations of galena, as well as trace pyrrhotite and 
chalcopyrite.  
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Photomicrographs: 
 
 
Corroded grains of gahnite (Ghn) in plagioclase feldspar (Pl) and quartz (Qtz) is rimmed by sericite (Ser) 
and coexists adjacent to disseminated galena (Gn) 
Plane-polarized transmitted light 
Photo 269 
 
 
 
Same view as photo 269 
Cross-polarized transmitted light 
Photo 270 
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Same view as photos 269 and 270 
Plane-polarized reflected light 
Photo 271 
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Gahnite intergrown with galena; gahnite-galena contacts are marked by a thick accumulation of sericite  
Plane-polarized transmitted light 
Photo 272 
 
 
Same view as photo 272 
Plane-polarized reflected light 
Photo 273 
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Sample Number: JB-10-090  
Sample Location: Zinc Lode at the North mine  
Hole: NM-10782 
Depth: 266.0 meters 
Rock Type:  A Blue quartz-gahnite rock 
Sample Description:  A blue quartz-gahnite rock; grains of gahnite occur in three distinct forms and is 
locally surrounded by secondary staurolite and retrograde sericite. 
 
Mineral Proportions: 
Mineral Name Proportion 
Quartz ~70% 
Gahnite ~11% 
Sphalerite ~6% 
Staurolite ~3% 
Pyrrhotite ~3% 
Chalcopyrite ~2% 
Sericite ~2% 
Ilmenite ~1% 
Biotite ~1% 
Garnet ~1% 
Monazite ~<1% 
 
Grains of gahnite in a quartz matrix occur in three distinct forms: 
 
1) Corroded  grains of green gahnite (0.05 mm to 1.0 mm in diameter)  have been partially 
rimmed/replaced by retrograde sericite (~0.02 mm in length) and texturally overprinted by 
secondary staurolite (up to 0.10 mm in length) (photos 274, 275 and 276).  In some areas, gahnite 
is intergrown with biotite, garnet, and disseminations of pyrrhotite and chalcopyrite (0.2 mm in 
diameter). 
 
2) Anhedral grains of green gahnite (~0.10 to 0.25 mm in diameter) have poikiloblastic cores, 
riddled with inclusions of quartz (0.02 to 0.05 mm in diameter) (photos 277 and 278).  Grains of 
gahnite are intergrown with anhedral disseminations of ilmenite (~0.2 mm in diameter). 
 
3) Anhedral grains of green gahnite (~0.1 to 1.3 mm in diameter) exist both independently and 
intergrown with disseminated sulfides (sphalerite, pyrrhotite, and chalcopyrite) (~0.10 mm in 
diameter) in a quartz matrix.  Gahnite-quartz boundaries are relatively fresh, with rare blades of 
sericite and no secondary staurolite.  Gahnite contains intergrowths of quartz (0.01 to 0.10 mm in 
diameter) and sulfide minerals (photo 279, 280, 281 and 282).  Locally, a grain of gahnite appears 
to have been texturally overgrown by a secondary generation of gahnite (Photos 283). 
 
Sulfides (up to 3.5 mm in length), dominated by sphalerite, with subordinate amounts of pyrrhotite and 
chalcopyrite, are disseminated throughout the section and occur both independently in quartz, and as well 
as inclusions within gahnite.    
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Photomicrographs: 
 
 
Grains of gahnite (Ghn) intergrown with biotite (Bt) and disseminated sulfides, surrounded by sericite 
(Ser) and secondary staurolite (St)  
Plane-polarized transmitted light 
 Photo 274  
 
 
Same view as photo 274 
Cross-polarized transmitted light 
Photo 275 
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Same view as photos 273 and 274.  Sulfide disseminations are comprised of pyrrhotite with lesser 
chalcopyrite (Ccp) 
Plane-polarized reflected light 
Photo 276 
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Grains of gahnite in quartz, riddled with round inclusions of quartz and adjacent to anhedral 
disseminations of ilmenite (Ilm) 
Plane-polarized reflected light 
Photo 277 
 
 
Same view as photo 277 
Cross-polarized transmitted light 
Photo 278 
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Isolated grains of gahnite in quartz 
Plane-polarized light 
Photo 279 
 
 
Same view as photo 279 
Photo 280 
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Gahnite intergrown with massive sulfides locally contain large inclusions of monazite (Mnz).  Gahnite 
interiors adjacent gahnite-sulfide boundaries are riddled with sulfide inclusions 
Plane-polarized transmitted light 
Photo 281 
 
 
Same view as photo 281.  Sulfide mineralization is dominated by sphalerite (Sp) with lesser amounts of 
pyrrhotite (Po) 
Plane-polarized transmitted light 
Photo 282 
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A primary grain of gahnite with textural evidence suggesting the gahnite core was overgrown by 
secondary stage of gahnite growth.  Alternatively, this may be an artifact of mineral kinetics or 
preferential fractures associated with brittle deformation and retrograde metamorphism  
Plane-polarized transmitted light 
Photo 283 
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Sample Number: JB-10-091 
Sample Location: Zinc Lode 
Hole: NM-10782 
Depth: 267.0 meters 
Rock Type:  A sulphide-bearing blue quartz-gahnite rock 
Rock Description: A sulphide-bearing blue quartz-gahnite rock, with subordinate amounts of staurolite 
and garnet.  The section contains multiphase disseminations of pyrrhotite, chalcopyrite, sphalerite and 
galena, which comprise roughly a fifth of the section. 
   
Mineral Proportions: 
Mineral Name Proportion 
Quartz ~30% 
Gahnite ~35% 
Staurolite ~7% 
Garnet ~10% 
Pyrrhotite ~8% 
Chalcopyrite ~6% 
Sphalerite ~1% 
Galena ~3% 
Arsenopyrite ~trace 
 
Subhedral, pale pink garnet (~0.25 to 0.81 mm in size) occurs adjacent to gahnite, staurolite, chalcopyrite, 
galena and sphalerite (photos 284, 285, 286).  Disseminated galena is most commonly located next to 
garnet. 
   
Anhedral, poikiloblastic pastel green gahnite (~0.65 to 0.81 mm in size) (photo 481) is intergrown with 
garnet, coarse staurolite (1.33 mm in length), sphalerite, pyrrhotite, chalcopyrite, and galena (photos 287, 
and 288).  Gahnite rims are sharp, exhibiting little to no sericitization.  Staurolite is likely secondary. 
Massive chalcopyrite is intergrown with galena, sphalerite, and pyrrhotite Arsenopyrite was also 
occasionally observed with chalcopyrite. 
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Photomicrographs: 
 
 
Garnet (Grt ) in quartz (Qtz) intergrown with gahnite (Ghn), staurolite (St) and various sulphides 
(chalcopyrite, sphalerite, and galena) 
 Plane-polarised transmitted light 
Photo 284 
 
 
Same view as 284 
Cross-polarised transmitted light  
Photo 285 
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Same view as 284 and 285, garnet intergrown with gahnite, staurolite and chalcopyrite (Ccp), galena (Gn) 
and sphalerite (Sp) 
Plane-polarised reflected light  
Photo 286 
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Grains of gahnite intergrown with quartz, staurolite, and sulphides                                           
Plane-polarised transmitted light  
Photo 287 
 
 
Gahnite intergrown with garnet, staurolite, pyrrhotite, chalcopyrite, galena and subordinate sphalerite 
Plane-polarised reflected light  
Photo 288 
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Sample Number: JB-10-092  
Sample Location: Zinc Lode at the North mine  
Hole: NM-10782 
Depth: 271.6 meters 
Rock Type:  A sulfide bearing quartz-biotite-garnet-gahnite rock 
Sample Description: Grains of quartz, biotite, garnet, and gahnite intergrown with disseminated sulfides. 
Sulfides are dominated by pyrrhotite with subordinate chalcopyrite, lesser arsenopyrite, and trace 
sphalerite.  Gahnite is in textural equilibrium with, and contains inclusions of, garnet.     
 
Mineral Proportions: 
Mineral Name Proportion 
Quartz ~30% 
Biotite ~20% 
Garnet ~20% 
Gahnite ~10% 
Pyrrhotite ~10% 
Chalcopyrite ~7% 
Arsenopyrite ~2% 
Sphalerite < 1% 
Galena ~trace 
Monazite ~trace 
Löllingite ~trace 
Ilmenite ~trace 
 
Anhedral grains of pale-green gahnite (~0.10 to 2.5 mm in diameter) are intergrown with anhedral, pale 
pink garnet (0.1 to 1.0 mm in diameter), tan biotite (up to 1.3 mm in length), and disseminated sulfides 
(varying proportions of pyrrhotite, chalcopyrite, sphalerite, galena, and arsenopyrite).  Gahnite interiors 
are relatively fresh, but some grains contain anhedral inclusions of pyrrhotite and chalcopyrite (<0.25 mm 
in diameter), quartz (<0.10 mm in diameter), biotite, and garnet (Photo 289, 290, and 291).  Garnet and 
biotite occur in textural equilibrium with gahnite.  Grains of garnet and gahnite are pervasively fractured, 
with fracture planes hosting varying proportions of pyrrhotite, chalcopyrite and sphalerite (Photo 292 and 
293).  Blades of biotite contain inclusions of monazite, ilmenite, pyrrhotite, and chalcopyrite.            
 
Sulfide mineralization is dominated by disseminations of pyrrhotite (0.25 to 13.0 mm in size), with 
varying proportions of chalcopyrite, sphalerite, and galena.  Trace amounts of isolated arsenopyrite (~ 
0.30 mm in size) have löllingite cores.  
 
 
 
 
 
 
 
 
 
 
 
APPENDIX B  431 
 
 
 
Photomicrographs: 
 
 
A grain of gahnite (Ghn) with a garnet (Grt) inclusion, intergrown with biotite (Bt) and quartz (Qtz); 
surrounded by massive sulfide mineralization 
Plane-polarized transmitted light 
Photo 289 
 
 
Same view as photo 289 
Cross-polarized transmitted light 
Photo 290 
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Same view as photo 289 and 290 
Plane-polarized reflected light 
Photo 291 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
APPENDIX B  433 
 
 
 
 
Fractured intergrowths of gahnite, garnet, and disseminated sulfides.  Fracture planes are lined by sulfides 
Plane-polarized transmitted light 
Photo 292 
 
 
Same view as photo 292.  Sulfides are dominated by pyrrhotite (Po) with subordinate amounts of 
chalcopyrite (Ccp) and lesser sphalerite (Sp) 
Plane-polarized reflected light 
Photo 293 
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Sample Number: JB-10-093 
Sample Location: Zinc Lode at the North mine 
Hole: NM-10782 
Depth: 356.1 meters 
Rock Type: A garnet-gahnite-biotite rock 
Sample Description:  The sample is dominated by intergrown garnet, gahnite and biotite with 
subordinate amounts of corroded K-feldspar, quartz and disseminated pyrrhotite.  Gahnite and garnet 
contain inclusions of one another and are likely syngenetic.   
 
Mineral Proportions: 
Mineral Name Proportion 
Garnet ~26% 
Gahnite ~23% 
Biotite ~20% 
K-Feldspar ~10% 
Sericite ~7% 
Pyrrhotite ~6% 
Quartz ~5% 
Chalcopyrite ~2% 
Monazite ~1% 
Ilmenite ~<1% 
Galena ~<1% 
 
Anhedral grains of pale-pink garnet (~0.05 to 3.5 mm in diameter) are intergrown with primary biotite, 
anhedral gahnite (0.05 to 1.00 mm in diameter), and disseminations of pyrrhotite and chalcopyrite (photo 
294).  Garnet interiors are relatively fresh, with small irregular inclusions of quartz (<0.02 mm in 
diameter) located near grain cores.  Locally a large grain of garnet contains an intergrowth of gahnite 
(photos 295 and 296). Locally, grains of gahnite exhibit a textural zonation, with poikiloblastic, inclusion 
rich cores and rims that are relatively devoid of inclusions.  Although inclusions are submicroscopic, they 
are likely dominated by quartz.  Cores have a pseudoeuhedral shape; resembling the octahedral 
crystallographic growth faces of gahnite (photo 297). Locally a grain of gahnite contains an inclusion of 
garnet.  Both garnet and gahnite are in apparent textural equilibrium, and contain inclusions of one 
another, suggesting the two are syngenetic.  Although gahnite exists in textural equilibrium with biotite 
and garnet, gahnite-quartz and gahnite-K-feldspar contacts are marked thick accumulations of by 
retrograde sericite (up to 0.20 mm thick) (photo 298 and 299).  
 
Relict grains of K-feldspar (up to 3.5 mm in length) are intensely fractured and have been replaced by 
coarse accumulations of retrograde sericite, which contains fine disseminations of galena (<0.01 mm in 
size), suggesting the feldspar were lead-rich (photos 300 and 301).  Feldspar additionally contains trace 
amounts of monazite (0.05 mm in diameter) intergrowths.   
 
Primary blades of dark brown biotite (up to 1.5 mm in length) denote the principal direction of foliation 
within the sample.  Locally blades of biotite contain inclusions of tabular ilmenite (<0.10 mm in length) 
and anhedral monazite (up to 0.05 mm in diameter).  
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Photomicrographs: 
 
 
Intergrown grains of gahnite (Ghn), garnet (Grt), biotite (Bt), and disseminated pyrrhotite (Po) 
Plane-polarized transmitted light 
Photo 294 
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Grains of garnet coexist with biotite, gahnite, and disseminated sulfides.  The large grain of garnet 
contains an inclusion of gahnite 
Plane-polarized transmitted light 
Photo 295 
 
 
Same view as photo 295.  Sulfides are dominated by pyrrhotite, with subordinate amounts of chalcopyrite 
(Ccp) and isolated grains of ilmenite (Ilm) 
Plane-polarized reflected light 
Photo 296 
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s  
A grain of gahnite intergrown with garnet, pyrrhotite, and biotite, with a pseudoeuhedral-octahedral core, 
defined by submicroscopic inclusions of quartz 
Plane-polarized transmitted light 
Photo 297 
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Gahnite intergrown with garnet and pyrrhotite has a core riddled quartz inclusions that seem to parallel 
faces of crystallographic growth. Gahnite contains an anhedral inclusion of garnet 
Plane-polarized transmitted light  
Photo 298 
 
 
Same view as photo 298.  Note gahnite is rimmed by retrograde sericite 
Cross-polarized transmitted light 
Photo 299 
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Grains of gahnite intergrown with quartz, biotite, and relict grains of K-feldspar (Kfs) 
 Plane-polarized transmitted light 
Photo 300 
 
 
Same view as photo 506.  Gahnite is thickly rimmed by retrograde sericite (Ser). K-feldspar contains 
large inclusions of monazite (Mnz) and has been partially replaced by sericite 
Cross-polarized transmitted light 
Photo 301 
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Sample Number: JB-10-094   
Sample Location: Zinc Lode at the North mine 
Hole: NM-10782 
Depth: 317.12 meters 
Rock Type: A quartz-feldspar-garnet-gahnite rock 
Sample Description:  Quartz segregation, sampled from biotite-quartz gneiss. The sample contains 
intergrowths of garnet, gahnite, and disseminated sulfides (Pyrrhotite with trace chalcopyrite and 
sphalerite).  
 
Mineral Proportions: 
Mineral Name Proportion 
Quartz ~40% 
K-Feldspar ~25% 
Biotite ~10% 
Gahnite ~8% 
Garnet ~5% 
Sericite ~5% 
Pyrrhotite ~5% 
Sphalerite ~1% 
Chalcopyrite ~1% 
Galena ~trace 
 
 
A lode pegmatite comprized of interlocking microcline and quartz contains intergrowths of gahnite, 
garnet, pyrrhotite, and ilmenite.  This microcline-quartz segregation is likely due to the remobilization of 
quartz rocks during metamorphism and associated brittle deformation.  Corroded, anhedral grains of pale-
pink garnet (0.25 to 2.5 mm in diameter) contain erratic intergrowths of quartz (~0.05 mm in diameter), 
pyrrhotite, chalcopyrite (0.05 mm in diameter), sphalerite, and rarely gahnite (~ 0.05 mm in diameter) 
(photos 302).  Anhedral, pale-green gahnite (~0.25 to 1.0 mm in diameter) is intergrown with garnet, 
biotite (0.5 mm in length), and anhedral disseminations of pyrrhotite and sphalerite (~0.50 mm in 
diameter).    
 
Isolated grains of subhedral to anhedral, green gahnite (~0.10 to 0.40 mm in diameter) exhibit a blebby 
texture (photo 303).  Contacts between gahnite-quartz and gahnite-feldspar are marked by accumulations 
of retrograde sericite (up to 0.05 mm thick).  
 
Pervasive blades of tan biotite (0.25 to 1.0 mm in length) are dominant within the biotite-quartz unit, and 
denote foliation within the section.  Biotite locally contains inclusions of monazite (~0.02 mm in 
diameter) and tabular ilmenite (~0.03 mm in length).  
 
 
 
 
 
 
 
 
 
 
 
APPENDIX B  441 
 
 
 
Photomicrographs: 
 
 
Garnet (Grt) intergrown with grains of gahnite (Ghn), contain irregular inclusions of quartz (Qtz) and 
locally gahnite 
Plane-polarized transmitted light 
Photo 302 
 
 
Blebby grains of gahnite in quartz 
Plane-polarized transmitted light 
Photo 303 
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Sample Number: JB-10-094A 
Sample Location: Zinc Lode at the North mine 
Hole: NM-10782 
Depth:  317.1 meters 
Rock Type:  A quartz-biotite rock  
Sample Description: A quartz-biotite rock, crosscut by a microcline-quartz segregation.  Gahnite is 
pervasive and is intergrown with quartz, microcline, biotite, garnet, ilmenite, and sulfides (pyrrhotite, 
galena, and chalcopyrite).  Gahnite-microcline boundaries are marked by thick accumulations of 
retrograde sericite.   
 
Mineral Proportions: 
Mineral Name Proportion 
Quartz ~50% 
Gahnite ~12% 
Microcline  ~10% 
Garnet ~10% 
Sericite ~7% 
Biotite ~5% 
Pyrrhotite ~3% 
Ilmenite ~2% 
Chalcopyrite ~1% 
Galena ~<1% 
Pyrite ~trace 
Monazite ~trace 
 
Anhedral grains of green gahnite (~0.02 to 1.0 mm in diameter) have a blebby shape, are thickly rimmed 
by sericite and crosscut by coarse biotite (photos 304 and 305).  Gahnite is also intergrown with biotite, 
garnet, ilmenite, and disseminated sulfides (pyrrhotite, galena, and chalcopyrite) (photos 306 and 307).  
Disseminated grains of corroded pyrite intergrown with pyrrhotite exist both adjacent to gahnite and as 
isolated grains in quartz (photos 308 and 309).  Locally a veinlet of corroded pyrite crosscuts gahnite, 
suggesting that pyrite is secondary to gahnite (photo 310). Anhedral grains, of pale-pink garnet (~1.0 to 
3.5 mm in diameter) coexist in textural equilibrium with gahnite, and locally contain gahnite intergrowths 
(~0.40 mm in diameter) (photo 311).  Gahnite interiors contain intergrowths of ilmenite and quartz.     
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Photomicrographs: 
 
 
Blebby gahnite (Ghn) in quartz (Qtz)  
Plane-polarized transmitted light 
Photo 304 
 
 
Blebby grains of gahnite (Ghn) crosscut by biotite (Bt) and rimmed by thick retrograde sericite (Ser).  
Biotite contains inclusions of monazite. 
Plane-polarized transmitted light 
Photo 305 
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Irregular grains of gahnite intergrown with disseminated sulfides in quartz 
Plane-polarized transmitted light 
Photo 306 
 
 
Same view as photo 306.  Disseminated sulfides are multiphase and contain subequal amounts of 
pyrrhotite (Po) and chalcopyrite (Ccp) 
Plane-polarized reflected light 
Photo 307 
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A corroded grain of pyrite (Py) surrounded by pyrrhotite   
Plane-polarized reflected light 
Photo 308 
 
 
Same view as photo 308 
Plane-polarized transmitted light 
Photo 309 
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Fractured gahnite, crosscut by a veinlet of pyrite 
Plane-polarized reflected light 
 Photo 310  
 
 
 A grain of garnet (Grt), is intergrown with gahnite and contains inclusions of ilmenite and quartz    
Plane-polarized transmitted light 
Photo 311 
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Sample Number: JB-10-095 
Sample Location: Flying Doctor Core 
Hole: 3537 
Depth: 13.4 meters 
Rock Type:  Blue quartz-gahnite rock  
Rock Description:  A quartz-gahnite rock that contains pyrrhotite and ilmenite. 
   
Mineral Proportions: 
Mineral Name Proportion 
Quartz ~30% 
Gahnite ~45% 
Muscovite ~10% 
Pyrrhotite ~3% 
Ilmenite ~6% 
Hematite ~2% 
Carbonate material ~1% 
Magnetite ~3% 
 
Interlocking, subhedral to anhedral, pale green gahnite (~0.1 to 2.0 mm in size) has a blocky appearance 
(photo 312, 313, and 314) and contains quartz (~0.10 mm) and muscovite inclusions.  Disseminated 
pyrrhotite, magnetite, and ilmenite occur through the rock.  Pyrrhotite contains either rutile or magnetite 
exsolution.   
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Photomicrographs: 
 
 
Subhedral to anhedral, pale green gahnite (Ghn) forms a granular mass adjacent to muscovite (Ms) and 
quartz (Qtz) 
Plane-polarised transmitted light  
Photo 312 
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Same view as photo 312, gahnite containing inclusions of muscovite and quartz 
Cross-polarised transmitted light  
Photo 313 
 
 
Massive, subhedral to anhedral, pale green gahnite surrounded by muscovite, and quartz (Qtz) 
Plane-polarised transmitted light  
Photo 314 
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Sample Number: JB-10-096 
Sample Location: Flying Doctor  
Hole: 3537 
Depth: 19.7 meters 
Rock Type: Blue quartz-garnet-gahnite rock  
Rock Description:  A sulphide bearing blue quartz-gahnite-garnet rock, with disseminated sphalerite, 
galena, chalcopyrite, pyrrhotite, and pyrite.  Gahnite is locally associated with coarse muscovite. 
  
Mineral Proportions: 
Mineral Name Proportion 
Quartz ~25% 
Gahnite ~15% 
Garnet ~10% 
Muscovite ~40% 
Pyrrhotite ~1% 
Sphalerite ~4% 
Galena ~5% 
Chalcopyrite ~1% 
Pyrite ~3% 
Pyrrhotite ~1% 
Apatite ~trace 
Polybasite ~trace 
 
Isolated grains of corroded, pale pink garnet (~0.25 to 0.65 mm in size) is surrounded by coarse-grained 
muscovite, and locally occurs adjacent to gahnite.  Garnet contains inclusions of quartz, and sphalerite, 
with subordinate amounts of galena, chalcopyrite, and isolated pyrite.  
  
Anhedral, forest green gahnite (up to 6.5 mm in size), like garnet,  is surrounded by a rim (up to 1.3 mm 
wide) of randomly oriented muscovite, and localized disseminations of a deep red colored sphalerite.  
Muscovite and sphalerite are in textural equilibrium (photo 315 and 316).  Gahnite locally occurs in 
contact with garnet and is intensely fractured, and contains inclusions of galena and chalcopyrite.  
Disseminated sphalerite, galena, pyrite, chalcopyrite and pyrrhotite occur throughout the sample.  
Pyrrhotite and chalcopyrite occur as inclusions in massive sphalerite. Secondary pyrite occurs along the 
basal cleavage of muscovite.  Galena contains inclusions of polybasite.   
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Photomicrographs: 
 
 
Corroded gahnite (Ghn) replaced by secondary muscovite (Ms), which is enveloped by disseminated 
sulphides (mainly sphalerite (Sp))  
Plane-polarised transmitted light  
Photo 315 
 
 
Same view as photo 315  
Cross-polarised transmitted light  
Photo 316 
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Sample Number: JB-10-099 
Sample Location: Flying Doctor 
Core: 3538 
Depth: 51 meters 
Rock Type: A blue quartz-gahnite rock 
Rock Description:  Sampled from a quartz selvedge adjacent to a mass of sulphides dominated by 
pyrrhotite, sphalerite and chalcopyrite and secondary marcasite-pyrite. Gangue minerals include quartz, 
gahnite, sericite, and garnet.  
  
Mineral Proportions: 
Mineral Name Proportion 
Quartz ~50% 
Gahnite ~20% 
Garnet ~2% 
Biotite ~5% 
Apatite ~trace 
Sericite ~5% 
Sphalerite ~1% 
Chalcopyrite ~trace 
Chlorite ~10% 
Monazite ~trace 
Calcite ~trace 
Marcasite ~4% 
Pyrite (secondary) ~2% 
Pyrrhotite ~1%  
Galena ~trace 
 
Anhedral, pale pink garnet (up to 0.32 mm in size) in quartz occurs adjacent to disseminated pyrite and is 
rimmed by biotite and sericite. Fractured pale green gahnite (~0.2 to 3.2 mm in size) occurs in quartz (317 
and 318).Fractures are infilled with quartz, sericite, and chlorite. Gahnite is further rimmed (~0.25 mm 
wide) by secondary chlorite and sericite. Inclusion-filled gahnite occurs locally adjacent to apatite and 
disseminations of chalcopyrite-sphalerite and secondary pyrite-marcasite (photo 319, 320, and 321). A 
large grain of monazite (0.25 mm in diameter) also occurs in quartz, adjacent to gahnite. 
Dominated by secondary pyrite-marcasite, metallic minerals comprise roughly 8% of the section.  
Marcasite-pyrite is intergrown with secondary calcite and contains inclusions of anhedral chalcopyrite 
and sphalerite. Other multiphase disseminations include chalcopyrite- sphalerite, and sphalerite-
pyrrhotite. Isolated grains of galena are also present.   
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Photomicrographs: 
 
 
Fractured gahnite (Ghn) within quartz (Qtz) infilled and surrounded by muscovite (Ms) and sulphides 
Plane-polarised transmitted light 
Photo 317 
 
 
Same view as photo 317 
Cross-polarised transmitted light 
Photo 318 
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Gahnite is surrounded by sericite, chlorite (Chl) and disseminated opaque minerals 
Plane-polarised transmitted light 
Photo 319 
 
 
Same view as photo 319, gahnite occurs adjacent to disseminated chalcopyrite (Ccp) and secondary pyrite 
(Py) 
Plane-polarised reflected light 
Photo 320 
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Isolated grains of gahnite in contact with apatite (Ap) and secondary chlorite in quartz 
Plane-polarised transmitted light 
Photo 321 
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Sample Number: JB-10-100 
Sample Location: Flying Doctor  
Hole: 3538 
Depth: 39.3 meters 
Rock Type:  A sulphide-bearing quartz-gahnite rock 
Rock Description:  Quartz-gahnite rock with subordinate garnet and biotite and disseminations of 
magnetite, pyrrhotite, and pyrite.  A mass of quartz forms a sharp contact with massive sulphides, 
dominated by sphalerite, and subordinate amounts of pyrite, galena, and trace chalcopyrite. 
  
Mineral Proportions: 
Mineral Name Proportion 
Quartz ~45% 
Gahnite ~20% 
Sphalerite ~15% 
Garnet ~5% 
Chalcopyrite ~3% 
Pyrrhotite ~3% 
Ilmenite ~1% 
Galena ~1% 
Pyrite ~3% 
Biotite ~3% 
Sericite ~1% 
Apatite ~trace 
Monazite ~trace 
Magnetite ~trace 
 
Fracture, intergrown grains of anhedral, pale pink to translucent garnet (~0.65 mm in size) occur adjacent 
to both massive and disseminated sulphides (massive sphalerite, and subordinate amounts of arsenopyrite 
chalcopyrite and pyrrhotite). 
 
Isolated, subhedral to anhedral, green grains of gahnite (~0.25 to 1.60 mm in size) occur in quartz and 
adjacent to massive sulphides.  Gahnite contains inclusions of garnet, biotite, pyrite, pyrrhotite, ilmenite, 
and quartz.  Quartz inclusions generally occur near the cores of gahnite.  The density of biotite inclusions 
in gahnite is localized, and increases in areas where the biotite is coarse-grained.  Gahnite also occurs 
adjacent to disseminated pyrrhotite.  
 
Massive sphalerite is the dominant sulphide followed by subordinate amounts of anhedral pyrite, 
pyrrhotite, galena, chalcopyrite, and arsenopyrite.  Secondary pyrite occurs in sphalerite (photos 322 and 
323) and is intimately associated with carbonate material.  Chalcopyrite blebs are disseminated 
throughout sphalerite.  
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Photomicrographs: 
 
 
Grains of anhedral secondary pyrite (Py) in massive sphalerite (Sp).  Sphalerite contains disseminated 
pyrrhotite (Po) and chalcopyrite (Ccp) 
Plane-polarised reflected light 
Photo 322 
 
 
Same view as Photo 322; note the inclusions of carbonate material (Cp) in and adjacent to secondary 
pyrite 
Plane-polarised transmitted light 
Photo 323 
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Sample Number: JB-10-101 
Sample Location: Flying Doctor 
Hole: 3538 
Depth: 24.3 meters 
Rock Type: Massive sulfide mineralization adjacent to quartz-gahnite gangue 
Sample Description:  Massive sulfide mineralization; dominated by sphalerite with subordinate 
secondary pyrite and chalcopyrite and lesser galena and pyrrhotite.  Gahnite exists in both massive 
sulfides and the blue quartz-gahnite unit.  The contact between these two units is marked by coarse 
intergrowths of gahnite and garnet. 
 
Mineral Proportions: 
Mineral Name Proportion 
Sphalerite ~55% 
Quartz ~25% 
Pyrite ~7% 
Gahnite ~6% 
Garnet ~2% 
Chalcopyrite ~2% 
Galena ~2% 
Ilmenite ~1% 
Pyrrhotite ~1% 
Sericite ~1% 
Biotite ~trace 
Carbonate Material ~trace 
 
Massive sulfide mineralization (dominated by blood-red sphalerite with subordinate secondary pyrite and 
chalcopyrite with lesser galena and pyrrhotite) contains intergrowths of quartz, gahnite, garnet, and 
biotite. Secondary grains of pyrite (~0.25 to 2.0 mm in length) have corroded cores and are both 
accompanied and surrounded by carbonate material. Massive sulfides abut and terminate sharply at a blue 
quartz-gahnite unit. 
 
Anhedral grains of pale-green gahnite (~0.02 mm in diameter) are intergrown and form granular clusters 
(up to 1.5 mm in diameter) in massive sphalerite.   Gahnite clusters contain intergrowths of sphalerite, 
galena, and chalcopyrite.  Although gahnite-sulfide contacts show no evidence of sericitization, gahnite 
interiors are partially replaced by fine aggregates of retrograde sericite (photos 324 and 325).   
 
The contact between massive-sulfide mineralization and the blue quartz-gahnite unit is marked by coarse 
intergrowths of pale-green gahnite (~0.65 mm in diameter) and pale-pink garnet (photo 326).  Gahnite 
interiors contain inclusions of sphalerite, galena, ilmenite (~0.05 mm in diameter) and primary biotite 
(~0.02 mm in length), and have been partially replaced by fine aggregates of retrograde sericite. 
 
In the blue quartz unit, anhedral grains of pale-green gahnite (~0.25 to 1.5 mm in diameter) are 
pervasively fractured and contain intergrowths of quartz (up to 0.05 mm in diameter) and ilmenite (~0.05 
mm in diameter) and have been partially replaced by sericite.  Gahnite rims and internal fracture planes 
are lined with coarse retrograde sericite (up to 0.10 mm in thickness) and secondary biotite (photo 327 
and 328).    
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Photomicrographs: 
 
 
Massive sphalerite (Sp) with intergrowths of pyrite (Py), quartz (Qtz), biotite (Bt), and gahnite.  Gahnite 
occur as an interlocking granular mass  
Plane-polarized transmitted light 
Photo 324 
 
 
Same view as photo 324.  Note that gahnite interiors have been partially replaced by sericite (Ser) 
Cross-polarized transmitted light 
Photo 325 
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Intergrown grains of gahnite and garnet (Grt) at the contact between massive sulfide mineralization and 
the blue quartz-gahnite rock 
Plane-polarized transmitted light 
Photo 326 
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An isolated grain of gahnite in a quartz matrix is pervasively fractured and rimmed by coarse blades of 
biotite and sericite; gahnite contains intergrowths of irregular quartz and ilmenite (Ilm) 
Plane-polarized transmitted light 
Photo 327 
 
 
Same view as photo 327 
Cross-polarized transmitted light 
Photo 328 
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Sample Number: JB-10-102 
Sample Location: Potosi Extended 
Hole: DDH3394 
Depth: 426 meters 
Rock Type: Sulphide-bearing quartz-gahnite-garnet rock  
Rock Description:  A gahnite selvedge adjacent to massive sphalerite-galena breccia.  Gahnite-quartz 
comprise the void spaces between sulphides. 
   
Mineral Proportions: 
Mineral Name Proportion 
Quartz ~35% 
Gahnite ~12% 
Garnet ~2% 
Muscovite ~3% 
Sphalerite ~40% 
Chalcopyrite ~5% 
Pyrrhotite ~3% 
 
Anhedral, pale pink garnet (~0.40 mm in size) occurs in textural equilibrium with gahnite (photo 948).  
Subhedral to anhedral, pale green to transparent gahnite (~0.25 to 1.3 mm in size) is relatively fresh, 
exhibiting only minor retrogression, and is hosted in quartz and sulphides. The sulphide assemblage is 
dominated by sphalerite with subordinate amounts of chalcopyrite and pyrrhotite (photos 329 and 330).  
Gahnite is pervasively fractured with sericite-sphalerite intergrowths forming along fracture planes.  
Gahnite porphyroblasts are surrounded by a thin rim of sericite (~0.01 mm), which appears to be thicker 
on gahnite-sulphide margins then gahnite-quartz ones.  Gahnite locally contains sphalerite inclusions near 
its core (~0.10 mm in size) (photos 331 and 332). 
   
Opaque minerals constitute about half of the polished thin section, and are dominated by sphalerite and 
subordinate amounts of chalcopyrite and pyrrhotite.  Iron-poor sphalerite replaces gahnite. 
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Photomicrographs: 
 
 
Coexisting grains of gahnite (Ghn) and garnet (Grt) within massive sphalerite (Sp). Muscovite (Ms) is 
intergrown with sphalerite and occurs along its margin with quartz (Qtz) 
Plane-polarised transmitted light 
Photo 329 
 
 
Grains of intensely fractured gahnite in an intergrowth of sphalerite and quartz (Qtz) 
Plane-polarised transmitted light 
Photo 330 
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A grain of gahnite grain within and including sphalerite, and in contact with quartz 
Plane-polarised transmitted light 
Photo 331 
 
 
Same view as photo 331 
Plane-polarised transmitted light 
Photo 332 
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Sample Number: JB-10-103 
Sample Location: Potosi North 
Hole: DDH-3365 
Depth: 100.8 meters 
Rock Type: Quartz-gahnite-garnet-sphalerite-pyrrhotite rock 
Rock Description:  Coarse-grained sphalerite-rich ore is accompanied by quartz and gahnite. This is a 
sample of siliceous zinc ore, with an assemblage dominated by sphalerite and subordinate amounts of 
pyrrhotite and chalcopyrite. 
 
Mineral Proportions: 
Mineral Name Proportion 
Quartz ~46% 
Sphalerite ~30% 
Pyrrhotite ~7% 
Galena ~7% 
Gahnite ~5% 
Garnet ~2% 
Chalcopyrite ~2% 
 
Subhedral to anhedral, pale pink garnet (~2.5 mm in size) is hosted in both quartz and sulphides.  It is 
pervasively fractured and partially replaced by fine aggregates of muscovite, chlorite, chalcopyrite, 
galena, and sphalerite.  Sulphides rarely exceed 0.1mm in diameter. Anhedral, pale green gahnite (up to 
2.2 mm in size) is fractured and partially replaced by muscovite, chlorite, chalcopyrite, galena, and 
sphalerite (photo 333).  Gahnite is hosted in quartz and sulphides, and locally rimmed by a thin envelope 
of sericite.  
  
Sphalerite and galena tend to be relatively free of silicate inclusions.  As mentioned, pyrrhotite and other 
sulphides are located along grain boundaries and minor inclusions of chalcopyrite (~0.05 to 0.12 mm) 
occur in sphalerite. Pyrrhotite and chalcopyrite are scattered throughout the sample.  Both sulphides occur 
along sphalerite grain boundaries with coarser chalcopyrite located as rounded grains within galena.   
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Photomicrographs 
 
 
Pale green gahnite (Ghn) hosted by quartz (Qtz) sulphides and partially replaced by varying proportions 
of muscovite (Ms), chlorite (Chl), chalcopyrite (Ccp), galena (Gn), and sphalerite (Sp) 
Plane-polarised transmitted light 
Photo 333 
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Sample Number: JB-10-104 
Sample Location: Potosi North 
Hole: DDH3258 
Depth: 196 meters 
Rock Type: A sulphide-bearing quartz-gahnite rock  
Rock Description:  It is a quartz-gahnite rock with disseminated sphalerite. Gahnite is locally corroded 
and rimmed by sericite and disseminated sphalerite. 
 
Mineral Proportions: 
Mineral Name Proportion 
Quartz ~50% 
Gahnite ~22% 
Muscovite ~2% 
Biotite ~7% 
Garnet ~1% 
Sphalerite ~9% 
Chalcopyrite ~2% 
Pyrrhotite ~trace 
Galena ~trace 
Apatite  ~1% 
 
Anhedral, pale pink garnet (0.645 mm in size) occurs in contact with gahnite (Photo 334), and is rimmed 
by sphalerite and secondary biotite. The latter is pleochroic, pale green color, and is randomly oriented 
having formed after peak metamorphism.  
  
Fractured grains of anhedral, pastel green gahnite (~3.3 mm in size) occurs in quartz and is surrounded by 
an envelope (~ 0.25 mm thick) of sericite and muscovite (photos 335, 336).  Secondary biotite and sericite 
grows within gahnite fractures. Disseminated sphalerite locally surrounds gahnite, located between the 
sericite envelope and quartz host.  Gahnite is also locally adjacent to large apatite grains (~1.0 mm). 
 
Opaque minerals comprise roughly 10% of this section and are dominated by sphalerite and subordinate 
amounts of chalcopyrite and pyrrhotite. Sphalerite is both disseminated and forms as an envelope around 
biotite-muscovite-gahnite clusters. 
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Photomicrographs: 
 
 
Coexisting garnet, gahnite and quartz surrounded by sphalerite and secondary chlorite  
Plane transmitted light  
Photo 334 
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Gahnite is replaced by muscovite, sericite and secondary biotite (0.25 mm thick), and further enveloped 
by sphalerite; note that biotite is in textural equilibrium with sphalerite 
Plane transmitted light 
Photo 335 
 
 
Gahnite-muscovite-chlorite-biotite is further rimmed by sulphides; dominated by sphalerite and trace 
chalcopyrite 
Plane reflected light  
Photo 336 
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Sample Number: JB-10-105 
Sample Location: Potosi North 
Hole: DDH 3400 
Depth: 223.3 meters 
Rock Type: Sulphide-bearing gahnite-biotite rock 
Rock Description:  Massive galena vein crosscutting a gahnite-quartz unit, galena is coarse grained (up 
to 1.5 cm). Quartz contains gahnite, garnet, and disseminations of galena, pyrrhotite, chalcopyrite, and 
ilmenite. 
 
Mineral Proportions: 
Mineral Name Proportion 
Galena ~48% 
Quartz ~20% 
Gahnite ~10% 
Biotite ~5% 
Garnet ~3% 
Sericite ~10% 
Pyrrhotite ~2% 
Apatite ~1% 
Ilmenite ~1% 
Monazite ~trace 
 
Anhedral, pastel green gahnite (~ 0.10 to 1.33 mm) in quartz is pervasively fractured and partially 
replaced by muscovite and biotite (photo 337 and 338). Gahnite is rimmed by sericite (<0.01 mm) and 
contains inclusions of quartz (0.02 to 1.0 mm) and monazite (~0.01 mm). It is devoid of sulphide 
inclusions, except where it occurs in contact with massive galena, where gahnite contains inclusions of 
galena, chalcopyrite, and sphalerite. In quartz, gahnite occurs next to biotite and disseminated galena, 
galena-pyrrhotite-chalcopyrite intergrowths, pyrrhotite, ilmenite, and pyrite. Grains proximal to massive 
galena are pale-translucent in color, while grains isolated within quartz are a darker color (339 and 340). 
Coarse crystals of galena coexist with pyrrhotite, chalcopyrite, and pyrite at galena-quartz contacts. This 
contact is also marked by an abundance of secondary calcite and pyrite. Galena locally occurs adjacent to 
fine grained muscovite.  
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Photomicrographs: 
 
 
Grains of anhedral gahnite (Ghn) rimmed by sericite (Ser) and biotite (Bt) in quartz 
Plane-polarised transmitted light 
Photo 337 
 
 
Same view as Photo 337, note the presence of sericite rims around corroded gahnite 
Cross-polarised transmitted light 
Photo 338 
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Gahnite intergrown with sulphides and as isolated grains in quartz 
Plane-polarised transmitted light 
Photo 339 
 
 
Same view as photo 339, gahnite in contact with chalcopyrite (Ccp), galena (Gn), pyrite (Py) and quartz 
Plane-polarised reflected light 
Photo 340 
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Sample Number: JB-10-106 
Sample Location: C lode 
Hole: 6220 
Depth: 41.8 meters 
Rock Type: Quartz-gahnite-garnet rock 
Rock description: A quartz-rich rock with subordinate amounts of biotite, garnet, and gahnite, as well as 
disseminated ilmenite, galena, sphalerite, and chalcopyrite. 
       
Mineral Proportions: 
Mineral Name Proportions 
Quartz ~60% 
Gahnite ~10% 
Garnet ~7% 
Biotite ~10% 
Muscovite ~4% 
Sericite ~2% 
Galena ~3% 
Sphalerite ~trace 
Chalcopyrite ~trace 
Ilmenite ~3% 
Arsenopyrite ~trace 
Rutile ~trace  
Pyrrhotite ~1% 
Magnetite ~trace 
Monazite ~trace 
 
Anhedral, pale pink garnet (up to ~1.6 mm in size) is isolated within quartz and contains inclusions of 
quartz, biotite, galena, and pyrrhotite (photo 341 and 342).  Anhedral, pale green gahnite (0.645 mm in 
size) contains inclusions of quartz, sphalerite and galena (photo 343 and 344). Gahnite occurs adjacent to 
biotite and disseminated sulphides, such as galena, pyrrhotite, chalcopyrite and sphalerite.   
 
Chalcopyrite, ilmenite, and pyrrhotite (photo 345) occurs as disseminations in quartz, whereas biotite 
contains inclusions of ilmenite and galena along its basal cleavage (photo 346 and 347).  
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Photomicrographs: 
 
Isolated grain of garnet (Grt) in contact with biotite (Bt) and galena (Gn); it also contains inclusions of 
rounded quartz (Qtz), and galena 
Plane-polarised transmitted light 
Photo 341 
 
 
Same view as photo 341, garnet is cross-cut by anhedral galena (Gn) and occurs in contact with 
chalcopyrite (Ccp)  
Plane-polarised reflected light 
Photo 342 
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A grain of gahnite in quartz intergrown with sulphides and biotite 
Plane-polarised transmitted light 
Photo 343 
 
 
Same view as photo 343, sulphides consist of galena, pyrrhotite (Po), and chalcopyrite 
Plane-polarised reflected light 
Photo 344 
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A mass of chalcopyrite, pyrrhotite, ilmenite (Ilm), sphalerite, and secondary goethite (Gr). An isolated 
grain of arsenopyrite (Apy) is isolated from the other sulphides 
Plane-polarised reflected light 
Photo 345 
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Biotite with opaque minerals aligned parallel to its basal cleavage 
Plane-polarised transmitted light 
Photo 346 
 
 
Same view as photo 858; the metallic minerals are galena and ilmenite 
Plane-polarised reflected light 
Photo 347 
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Sample Number: JB-10-109 
Sample Location: C lode 
Hole: 6220 
Depth: 91.65 meters 
Rock Type: Quartz-garnet-biotite rock 
Rock Description:  A quartz-garnet-biotite-gahnite rock with disseminated ilmenite, pyrrhotite, 
sphalerite, and chalcopyrite.  
  
Mineral Proportions: 
Mineral Name Proportion 
Quartz ~58% 
Gahnite ~2% 
Garnet ~30% 
Biotite ~5% 
Monazite ~trace 
Chalcopyrite ~1% 
Galena ~1% 
Sphalerite ~3% 
Pyrrhotite ~3% 
Ilmenite ~2% 
Arsenopyrite ~trace 
 
Anhedral, pale pink to translucent inclusion filled garnet (~ 1.3 mm in size) in quartz.  Garnet is locally 
intergrown with primary and secondary biotite, chalcopyrite, galena, sphalerite, and secondary pyrite.  
Galena and chalcopyrite infill fractures within garnet.  
 
Anhedral, translucent gahnite (~0.65 mm in size) occurs adjacent to garnet, biotite, pyrrhotite, and 
chalcopyrite (photo 348). Gahnite is also locally intergrown with garnet.  Multiphase disseminations of 
galena, chalcopyrite, pyrrhotite, and arsenopyrite occur locally within quartz. Tabular isolated grains of 
ilmenite occur adjacent to biotite and garnet. 
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Photomicrographs: 
 
  
A grain of gahnite (Ghn) in contact with pyrrhotite (Po) and chalcopyrite (Ccp) in quartz. 
Plane-polarised transmitted light 
Photo 348 
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Sample Number: JB-10-117 
Sample Location: C-Lode 
Hole: 6930 
Depth: 34.8 meters 
Rock Type: A garnet-biotite-gahnite rock 
Rock Description:  Garnet, biotite, and gahnite is accompanied by disseminated pyrrhotite and 
subordinate chalcopyrite and sphalerite. 
 
Mineral Proportions: 
Mineral Name Proportion 
Quartz ~5% 
Biotite ~24% 
Garnet ~53% 
Gahnite ~10% 
Pyrrhotite ~5% 
Chalcopyrite ~2% 
Sphalerite ~1% 
Monazite ~trace 
 
Fractured, anhedral, pale pink garnet (~0.80 mm in size) is intergrown with gahnite, and partially replaced 
by a fine aggregate of biotite and sericite.  Fractures are lined with pyrrhotite, and subordinate amounts 
chalcopyrite and sphalerite. Garnet rims adjacent to biotite are locally corroded, illustrating textural 
disequilibrium with biotite. In contrast to garnet, gahnite does not appear to have been replaced by biotite. 
Biotite contains monazite and garnet inclusions. 
 
Anhedral, pale green gahnite (~1.5 mm in size) is, in places, intergrown with garnet (photo 349).  Garnet- 
gahnite contacts are subtle, and appear transitional. Gahnite contains disseminated inclusions of 
sphalerite. 
 
Pyrrhotite and subordinate amounts of sphalerite and chalcopyrite are disseminated throughout the 
section.  Pyrrhotite forms locally as isolated grains and as multiphase intergrowths with chalcopyrite, and 
sphalerite.  Sphalerite crosscuts and forms parallel to the basal cleavage of biotite. Sphalerite also forms a 
thin rim between pyrrhotite and gahnite (photo 350, 351) 
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Photomicrographs: 
 
 
Garnet (Grt) and gahnite (Ghn) are intergrown and surrounded by biotite (Bt) and disseminated pyrrhotite 
(Po) and quartz (Qtz). Note the gahnite-garnet boundaries are subtle                                        
Plane-polarised transmitted light 
Photo 349 
 
 
 
 
 
 
 
 
APPENDIX B  482 
 
 
 
 
A sulphide inclusion in gahnite with a pyrrhotite core and a sphalerite (Sp) rim                                  
Plane-polarised transmitted light 
Photo 350 
 
 
Same view as photo 491 
Plane-polarised reflected light 
Photo 351 
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Sample Number: JB-10-118 
Sample Location: C Lode 
Hole: 6930 
Depth: 34.9-35.2 meters 
Rock Type: Massive sulphide-bearing quartz-gahnite-garnet rock 
Rock description: The sample was taken from the boundary between massive base metal mineralisation 
and a well foliated metapelite comprised of gahnite, garnet, biotite, and quartz.  Base metals are 
dominated by sphalerite, with subordinate amount of pyrrhotite, galena and chalcopyrite.   
  
Mineral Proportions: 
Mineral Name Proportions 
Quartz ~30% 
Sphalerite ~45% 
Galena ~1% 
Chalcopyrite ~2% 
Pyrrhotite ~5% 
Gahnite ~10% 
Garnet ~2% 
Biotite ~5% 
 
Anhedral, pale pink garnet (~0.25 mm in size) occur throughout the sample. Within massive sulphides 
garnet occurs adjacent to massive sphalerite and within quartz-filled voids. Garnets are most abundant in 
the pelitic part of the slide and are aligned parallel to foliation. They also occur in contact with muscovite 
and gahnite (photo 352).  
 
Anhedral, pastel green gahnite (~0.50 mm in size) in the metapelite  is corroded, locally containing 
numerous intergrowths of biotite and rounded quartz (photo 353 and 354).  Like garnet, trains of gahnite 
are aligned parallel to the foliation. Coarser, anhedral to subhedral, pale green gahnite (~2.5 to ~7.0 mm 
in size) in massive sphalerite, is fractured and contains inclusions of sphalerite, galena, and rounded 
quartz.  Gahnite also occurs in contact with biotite, sericite, and subordinate pyrrhotite (photo 355).   
 
Subhedral, pale green gahnite (~0.25 mm in size) in massive sulphides.  Gahnite contains inclusions of 
sphalerite, galena, biotite and quartz. Sphalerite appears to have locally replaced gahnite along planes of 
crystallographic growth (photo 356 and 357). One grain of gahnite is locally color zoned, with a forest 
green core and a pale green to translucent rim (photo 358), whereas anhedral pale gahnite (1.33 mm in 
size) in a quartz exhibits a corroded texture (photo 359 and 360). This grain occurs adjacent to sphalerite, 
quartz, biotite and chalcopyrite, and contains inclusions of quartz, biotite, sphalerite, galena and 
chalcopyrite. 
 
Massive sulphides are dominated by sphalerite, with subordinate amounts of pyrrhotite, galena and 
disseminations of chalcopyrite. Sphalerite is pleochroic, and ruby red in color. Pyrrhotite (up to 3.2 mm in 
length) commonly contains small disseminations of galena. 
 
The pelitic part of the section contains disseminated galena, sphalerite, chalcopyrite, and pyrrhotite (~0.10 
mm in diameter).  
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Photomicrographs: 
 
 
Grains of anhedral, pale pink garnets (Grt) and gahnite (Ghn) in the metapelite are aligned parallel to 
foliation. The metapelite is comprised of quartz (Qtz) and biotite (Bt), and is adjacent to massive 
sphalerite (Sp) 
Plane-polarised transmitted light 
Photo 352 
 
APPENDIX B  485 
 
 
 
 
Gahnite is partially replaced by aggregates of sericite (Ser) and biotite 
Plane-polarised transmitted light 
Photo 353 
 
Gahnite occurs both within massive sulphides as well as quartz filled voids 
Plane-polarised transmitted light 
Photo 354 
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Subhedral and fractured gahnite in contact with sphalerite and biotite 
Plane-polarised transmitted light 
Photo 355 
 
 
Sulphide inclusions within the out part of gahnite that is in contact with sphalerite, biotite, and quartz 
Plane-polarised transmitted light 
Photo 356 
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Same view as photo 356, gahnite contains inclusions of sphalerite and pyrrhotite (Po) 
Plane-polarised reflected light 
Photo 357 
 
 
 
 
A grain of gahnite with a forest green core and a pale rim, in contact with quartz, sphalerite, and biotite  
Plane-polarised transmitted light 
Photo 358 
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A corroded grain of gahnite in contact with biotite and quartz, and surrounded by sphalerite 
Plane-polarised transmitted light 
Photo 359 
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Sample Number: JB-10-119 
Sample Location: C Lode 
Hole: 6930 
Depth: 70.9 meters 
Rock Type: Quartz-garnetite 
Rock description: A quartz-garnet-muscovite rock with subordinate amounts of gahnite.  Gahnite rims 
are corroded and intimately associated with coarse muscovite, chlorite, and sphalerite 
 
Mineral Proportions: 
Mineral Name Proportions 
Quartz ~25% 
Muscovite ~20% 
Garnet ~45% 
Gahnite ~5% 
Sphalerite ~3% 
Galena ~2% 
Chalcopyrite ~trace 
 
Euhedral, pale pink garnets (~0.10 mm size) comprise roughly half of the sample and locally increase in 
size near gahnite (Photos 360, 361, and 362).  Anhedral, pale green gahnite (~1.0 to 1.33 mm in size) is 
fractured, and exhibits corroded rims, and is locally intergrown with muscovite, chlorite, and sericite 
(photo 363). Fractures are in lined with coarse secondary muscovite, which locally contains stringers of 
gahnite inclusions (photos 364 and 365).  Gahnite is locally surrounded by sphalerite, which is in textural 
equilibrium with muscovite (photos 366, and 367).  The intimate association of corroded gahnite, with 
coarse muscovite and inclusion-free sphalerite suggests that gahnite broke down via a muscovite-
sphalerite producing reaction. 
 
Dominated by galena and sphalerite, with subordinate amounts of chalcopyrite disseminated sulphides 
comprise approximately 5 % of the section.  Galena is disseminated throughout the sample. 
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Photomicrographs: 
 
 
Abundant grains of euhedral, pale pink garnet (Grt) in quartz (Qtz) and muscovite (Ms) 
Plane-polarised transmitted light 
Photo 360 
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Corroded gahnite (Ghn) replaced by muscovite and sphalerite (Sp) in a layer next to euhedral garnets 
Plane-polarised transmitted light 
Photo 361 
 
 
Same view as photo 361. Note the abundance of secondary muscovite in contact with gahnite 
Cross-polarised transmitted light 
Photo 362 
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Corroded grains of fractured gahnite replaced by muscovite and quartz. Euhedral garnet appears to be 
unaltered 
Plane-polarised transmitted light 
Photo 363 
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Gahnite surrounded by sphalerite and blades of muscovite. Note that sphalerite and muscovite appear to 
be in textural equilibrium and to have replaced gahnite. 
Plane-polarised transmitted light 
Photo 364 
 
 
Same grains as photo 364, reflected light, a grain of gahnite occurs next to but not in contact with 
sphalerite   
Plane-polarised reflected light 
Photo 365 
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Coarse-grained muscovite intergrown with sphalerite and blebby and corroded grains of gahnite 
Plane-polarised transmitted light 
Photo 366 
 
 
Same view as photo 366 
Cross-polarised transmitted light 
Photo 367 
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Sample Number: JB-10-122 
Sample Location: B lode 
Hole: S76-349 
Depth: Level 13 
Rock Type: Blue quartz-gahnite rock  
Rock description: A siliceous rock with subordinate amounts of gahnite and disseminated chalcopyrite, 
galena, pyrite, sphalerite, and pyrrhotite.  Gahnite is rimmed by muscovite and chlorite.  
 
Mineral Proportions: 
Mineral Name Proportions 
Quartz ~45% 
Gahnite ~15% 
Muscovite ~16% 
Biotite ~2% 
Chalcopyrite ~5% 
Galena ~3% 
Pyrite ~5% 
Pyrrhotitie ~3% 
Sphalerite ~2% 
Chlorite ~4% 
Apatite ~trace 
Loellingite  ~trace 
Monazite ~trace 
 
Anhedral, pastel green gahnite (~0.98 mm to 1.3 mm in size) forms as both isolated grains and clusters 
(up to 3.2 mm in size) in quartz (photos 368 and 369).  Such clusters also contain muscovite, chlorite, and 
biotite (photo 370). Gahnite locally contains inclusions of pyrite, galena, sphalerite, and quartz (~0.15 
mm in diameter). Gahnite was partially replaced by fine sericite and locally adjacent to disseminated 
pyrrhotite, chalcopyrite, and pyrite. 
 
Multiphase disseminations of pyrrhotite-chalcopyrite-sphalerite and locally secondary pyrite comprise 
roughly 20% of the sample (photo 371). Sphalerite is a pale yellow color, and occurs both within large 
multiphase disseminations and as isolated grains.  Pyrrhotite grains exhibit an oxidised-grainy texture.  
Rare primary pyrite contains löllingite and galena (photo 372). 
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Photomicrographs: 
 
 
Interlocking grains of gahnite (Ghn), partially replaced by sericite (Ser), and surrounded by coarser 
muscovite (Ms) and chlorite (Chl) 
Plane-polarised transmitted light 
Photo 368 
 
Same view as photo 368. Note how gahnite was partially replaced by sericite 
Cross-polarised transmitted light 
Photo 369 
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Grains of corroded gahnite surrounded by secondary muscovite and chlorite 
Plane-polarised transmitted light 
Photo 370 
 
 
A multiphase aggregate of pyrrhotite (Po), chalcopyrite (Ccp), sphalerite, galena (Gn), and pyrite (Py) 
Plane-polarised reflected light 
Photo 371 
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Primary pyrite contains irregular shaped grains of galena along the margins and included in pyrite cubes 
Plane-polarised reflected light 
Photo 372 
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Sample Number: JB-10-123 
Sample Location: B lode 
Hole: S77-10 
Depth: level 13 
Rock Type: A quartz-gahnite rock 
Rock Description: A quartz gahnite rock with pale gray-green subhedral gahnite that exhibits minor 
chloritzation and contains submicroscopic magnetite exsolution.  Gahnite is accompanied by disseminated 
pyrrhotite and subordinate chalcopyrite, sphalerite, and galena.   
 
Mineral Proportions: 
Mineral Name Proportion 
Quartz ~60% 
Pyrrhotite ~17% 
Gahnite ~16% 
Biotite ~2% 
Chalcopyrite ~2% 
Sphalerite ~1% 
Galena ~1% 
Chlorite ~1% 
 
Subhedral grains of pale-gray to green gahnite (0.10 to 1.7 mm in diameter) occur both adjacent to 
disseminated sulfides (pyrrhotite with lesser chalcopyrite, sphalerite, and galena) and as isolated grains in 
quartz.  Grains of gahnite are pervasively fractured and contain numerous inclusions (< 0.001 mm in size) 
of exsolved iron oxides, giving grains a dusty appearance (Photos 373, 374, and 375).  Fracture planes are 
lined by fine aggregates of sericite and chlorite.  Some gahnite grains contain intergrowths of quartz 
(~0.12 mm in size) and euhedral blades of biotite (~0.2 mm in length), which are oriented parallel to 
crystal faces. Where adjacent to pyrrhotitie, gahnite-pyrrhotite margins are marked by thin envelope of 
chlorite, sericite, and locally sphalerite (<0.001 mm) (photos 376, 377, and 378).  Sphalerite may be 
indicative of a chemical exchange during with retrograde metamorphism. 
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Photomicrographs: 
 
 
Gahnite (Ghn) intergrown with disseminated sulfides and quartz (Qtz) 
Plane-polarized transmitted light 
Photo 373 
 
 
Same view as photo 373.  Note that gahnite is pervasively fractured, with fracture planes that have been 
partially replaced by fine aggregated of retrograde sericite (Ser) and biotite (Bt) 
Cross-polarized transmitted light 
Photo 374 
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Same view as photos 373 and 374.  Sulfide mineralization is dominated by pyrrhotite (Po) with lesser 
amounts of chalcopyrite (Ccp) 
Plane-polarized reflected light 
Photo 375 
 
 
Gahnite intergrown with massive sulfides 
Plane-polarized transmitted light 
Photo 376 
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Same view as photo 376.  Note gahnite-sulfide boundaries are marked by sericite (Ser) and chlorite (Chl) 
Photo 377 
 
 
Same view as photo 376 and 377.  Sulfide mineralization is dominated by pyrrhotite with lesser amounts 
of chalcopyrite 
Plane-polarized reflected light 
Photo 378 
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Sample Number: JB-10-124  
Sample Location: Champion  
Depth: Surface outcrop 
Rock Type:  Blue quartz-gahnite rock 
Rock Description: A blue quartz-gahnite rock in which gahnite is up to 9 mm in diameter! 
 
Mineral Proportions: 
Mineral Name Proportion 
Quartz ~45% 
Gahnite ~37% 
Biotite ~8% 
Muscovite ~7% 
Sericite ~3% 
Monazite ~trace 
Apatite ~trace 
 
Euhedral to subhedral, pale green gahnite (up to ~ 9.0 mm in size) in quartz and surrounded by sericite 
(~0.2 mm thick) and pervasively fractured in a “zig-zag” pattern (photos 379, 380, and 381).  Gahnite is 
partially replaced by fine aggregates of biotite and muscovite along fracture planes.   
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Photomicrographs: 
 
 
Grains of gahnite (Ghn) in quartz (Qtz) are thinly rimmed by sericite (Ser) and are up to 9.0 mm in size 
Plane-polarised transmitted light 
Photo 379 
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Gahnite porphyroblast is pervasively fractured in a zipper (zig-zag) like pattern, and is filled by secondary 
sericite and muscovite (Ms) 
Cross-polarised transmitted light 
Photo 380 
 
 
Gahnite porphyroblast is pervasively fractured in a zig-zag like pattern and infilled by sericite and 
muscovite 
Plane-polarised transmitted light 
Photo 381 
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Sample Number: JB-10-127 
Sample Location: Western Long 
Depth: 13 level panel 5/6 Western Long 
Rock Type: A sulfide bearing quartz-gahnite rock 
Rock Description: A quartz-gahnite rock; with subhedral to euhedral pale-green gahnite. Gahnite is 
accompanied by biotite, chlorite, and disseminated pyrrhotite-chalcopyrite-sphalerite and contains 
inclusions of exsolved iron oxides/sphalerite. 
 
Mineral Proportion: 
Mineral Name Proportion 
Quartz ~57% 
Gahnite ~25% 
Biotite ~6% 
Pyrrhotite ~7% 
Chlorite ~2% 
Galena ~1% 
Sphalerite ~1% 
Chalcopyrite ~1% 
Monazite ~<1% 
 
Subhedral to anhedral grains of pale-green gahnite (~0.05 to 5.5 mm in diameter) in a quartz matrix is 
intergrown with biotite (0.25 to 1.0 mm in length), anhedral monazite (~0.10 mm in diameter), and 
disseminated sulfides (pyrrhotite, chalcopyrite, sphalerite, and galena) (photo 382, 383, and 384).  Such 
intergrowths were subject to minor chloritization (with thick splays of chlorite ~1.0 mm in length) during 
retrograde metamorphism and associated brittle deformation.  Gahnite interiors appear to be optically 
zoned; with dark green cores and pale-green to translucent rims (Photo 385).  This disparity is likely 
controlled by the presence and relative abundance of tiny opaque inclusions (< 0.001 mm) (likely 
exsolved hematite or sphalerite).  Locally, gahnite interiors are crosscut by trains of disseminated opaque 
minerals (sphalerite-pyrrhotite-chalcopyrite) (Photos 386 and 387).  Some gahnites contain intergrowths 
of monazite (~0.03 mm in diameter) and euhedral biotite.  
 
Single and multiphase disseminations of sulfides (in varying proportions of pyrrhotite, chalcopyrite, 
sphalerite, and galena) are pervasively disseminated throughout the section.  
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Photomicrographs: 
 
 
Gahnite (Ghn) intergrown with biotite (Bt), pyrrhotite (Po), and quartz (Qtz).  Grains of gahnite contain 
inclusions of monazite (Mnz), and are riddled with submicroscopic opaque minerals (likely an exsolved 
iron oxide or sphalerite), giving interiors a dusty appearance. 
Plane-polarized transmitted light 
Photo 382 
 
 
Same view as photo 382 
Cross-polarized transmitted light 
Photo 383 
APPENDIX B  508 
 
 
 
 
Gahnite appear to be optically zoned, with green cores and pale-brown rims  
Plane-polarized transmitted light 
Photo 384 
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Gahnite crosscut by trains of disseminated opaque inclusions 
Plane-polarized transmitted light 
Photo 385 
 
 
Same view as photo 385.  Sulfide inclusions are dominated by sphalerite (Sp) with lesser amounts of 
pyrrhotite and chalcopyrite (Po) 
Plane-polarized reflected light 
Photo 386 
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APPENDIX C 
 
MAJOR ELEMENT CHEMISTRY OF GAHNITE FROM THE BROKEN HILL DOMAIN 
(UNIVERSITY OF MINNESOTA) 
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APPENDIX D 
MAJOR ELEMENT CHEMISTRY OF GAHNITE FROM THE BROKEN HILL DOMAIN 
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APPENDIX E 
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APPENDIX E 711
Deposit 11:30 11:30 11:30 11:30 11:30 11:30 11:30
Sample 039-5-1 039-8-1 040-1-2 040-2-1 040-4-1 040-4-2 040-6-1
Li 1.11 0.90 2.15 6.04 <1.44 <1.45 3.39
Be 2.11 2.15 13.30 8.04 9.73 12.19 9.29
B <0.44 0.75 <1.76 2.14 <1.15 2.17 <1.77
Mg 9400.40 10708.56 8657.40 8755.82 8961.55 9117.46 9165.70
Al 298073.81 297862.13  296377.56 296271.56 296271.66 298388.41
Si 159.46 399.97 162.76 164.97 <26.22 129.74 56.83
S <0.00 <0.00 <0.00 <0.00 <0.00 <0.00 <0.00
K 3.46 10.51 17.77 22.55 <1.74 29.24 <2.50
Sc 0.25 0.25 0.19 <0.095 <0.069 0.18 0.21
Ti 79.31 49.95 7.15 96.57 37.93 35.78 52.36
V 129.59 82.98 143.69 226.97 224.22 224.71 233.67
Cr 206.04 174.63 167.43 483.84 490.40 487.04 186.50
Mn 624.39 564.70 805.38 894.60 881.00 868.71 883.19
Fe 71546.74 78505.15 92847.71 94434.52 98259.21 96929.75 102136.64
Co 199.32 235.90 177.19 185.25 203.47 186.22 211.02
Ni 13.51 10.31 28.77 136.19 161.73 145.33 139.81
Cu 0.11 0.16 9.20 8.94 9.39 7.43 9.13
Zn 207287.34 203527.47 281139.13 305364.81 275834.47 244526.80 271580.28
Ga 201.72 191.15 288.10 344.86 391.12 337.93 420.23
Ge 0.20 0.43 <0.48 0.86 <0.35 <0.32 0.69
As 0.36 0.58 0.46 0.38 0.26 <0.15 <0.25
Rb 0.05 0.15 0.11 0.24 <0.0140 0.55 <0.0225
Sr 7.35 0.12 0.09 1.06 <0.0026 0.03 0.01
Y 7.14 2.63 0.02 0.03 <0.0049 0.14 <0.0070
Mo <0.030 0.03 <0.076 <0.077 0.04 <0.049 <0.053
Ag <0.0126 <0.0190 <0.0191 <0.024 <0.0145 <0.014 <0.0188
Cd 6.66 8.76 5.10 5.30 4.65 4.79 6.64
Sn 0.21 0.20 0.09 <0.039 0.06 <0.030 0.11
Sb 0.02 0.10 <0.0157 0.06 <0.0123 <0.0115 <0.0169
Ba 0.03 0.11 1.06 1.43 <0.0165 0.29 0.05
La 0.72 0.01 0.00 0.02 0.00 0.01 <0.0037
Ce 2.37 0.03 0.01 0.07 <0.00114 0.03 0.00
Pr 0.37 <0.0028 <0.0032 0.02 <0.00230 0.00 <0.00227
Nd 2.47 0.04 <0.0160 0.03 <0.0069 0.01 0.00
Sm 1.24 <0.0181 <0.0213 0.01 <0.0123 <0.0092 <0.0178
Eu 0.38 <0.0077 0.00 0.00 <0.0030 <0.0037 <0.00228
Gd 1.93 0.11 <0.0181 <0.019 <0.0142 0.04 <0.0154
Tb 0.25 0.02 <0.0019 0.00 <0.00157 0.00 <0.00220
Dy 1.29 0.27 <0.0056 0.01 <0.0065 <0.0067 <0.0079
Ho 0.23 0.09 <0.0030 <0.00103 <0.00199 0.00 <0.00228
Er 0.62 0.41 <0.0119 <0.0080 <0.0059 0.03 <0.0051
Tm 0.09 0.11 <0.00134 0.00 0.00 0.01 <0.00186
Yb 0.66 0.99 <0.0060 <0.0088 <0.0080 0.05 <0.0118
Lu 0.14 0.19 0.00 0.00 <0.00149 0.01 <0.00229
W 0.03 0.03 <0.0105 0.10 0.01 <0.0091 <0.0068
Pb206 4.18 7.70 5.21 27.17 0.14 0.61 0.38
Pb207 1.69 3.37 6.08 32.54 0.14 0.33 0.34
Pb208 1.73 4.33 6.09 31.03 0.15 0.24 0.32
Bi <0.0070 <0.0063 0.01 0.03 0.01 0.01 <0.0068
Th 2.56 1.06 0.01 0.02 <0.0020 0.03 0.00
Table A5. O'Brien et al., Trace Element Chemistry (in ppm) of Gahnite From the Broken Hill Domain
APPENDIX E 712
Deposit 11:30 11:30 11:30 11:30 11:30 11:30 11:30
Sample 040-6-2 043-3-1 043-5-1 044-1-1 044-2-1 044-2-2 044-3-1
Li <2.19 6.32 <2.32 <3.43 <1.95 2.19 2.29
Be 12.23 18.55 17.06 13.43 17.10 12.57 11.50
B <1.91 <1.84 <1.82 <2.86 <1.58 <1.68 <1.29
Mg 9216.18 7566.87 8320.44 6199.50 6056.75 6702.09 5846.86
Al 298388.47 299818.25 297383.75 296065.78 290667.19 290667.25 294636.44
Si <40.30 75.89 <42.84 <64.24 54.09 41.22 58.12
S <0.00 <0.00 <0.00 <0.00 <0.00 <0.00 <0.00
K <2.63 <3.24 <2.92 8.30 <2.44 11.61 <2.13
Sc 0.12 <0.144 <0.126 <0.185 <0.102 0.13 <0.096
Ti 44.09 3.96 16.74 40.23 35.62 47.09 37.60
V 232.19 103.32 157.78 297.71 260.65 305.97 286.28
Cr 181.32 150.68 2638.42 326.93 383.68 394.60 366.21
Mn 875.67 822.05 952.91 1352.23 1287.76 1360.00 1291.62
Fe 103315.92 92169.97 100088.17 83577.97 77879.30 83259.02 89995.09
Co 220.58 119.98 119.32 130.95 121.06 130.96 116.60
Ni 134.99 17.35 61.97 30.03 28.85 24.35 39.65
Cu 9.20 8.55 11.15 9.79 10.32 8.87 10.74
Zn 267749.34 249783.97 254903.83 258159.52 240370.33 248831.22 280420.06
Ga 402.45 167.81 208.42 215.51 210.28 225.00 246.28
Ge <0.49 <0.69 <0.54 <0.94 0.61 <0.50 <0.44
As 0.44 0.29 <0.25 <0.41 <0.22 <0.23 <0.196
Rb <0.0231 <0.024 <0.024 0.19 <0.026 0.10 <0.0214
Sr <0.0066 <0.0101 <0.0066 0.02 0.02 0.01 <0.0027
Y 0.02 <0.0093 <0.0066 0.01 <0.0063 <0.0050 0.01
Mo <0.071 <0.086 0.12 <0.120 <0.075 0.11 0.06
Ag 0.02 <0.024 <0.0206 0.06 8.30 2.91 <0.0155
Cd 6.15 3.27 3.15 5.34 4.13 3.90 4.27
Sn 0.07 0.09 <0.040 <0.079 0.18 0.08 0.06
Sb <0.0211 <0.027 <0.0204 <0.026 0.08 0.06 <0.0103
Ba <0.0212 0.28 <0.028 0.28 <0.032 0.28 <0.031
La <0.0037 <0.0020 <0.0040 <0.0049 0.00 0.01 <0.0036
Ce 0.01 <0.0055 <0.0039 <0.0042 0.01 0.03 0.00
Pr <0.0030 <0.0045 0.00 <0.0040 <0.0031 <0.0016 <0.0028
Nd <0.0073 <0.0185 <0.0107 <0.0166 <0.0106 <0.013 <0.0052
Sm <0.0120 <0.0216 <0.023 <0.027 <0.0151 <0.017 <0.0122
Eu 0.00 0.00 <0.0076 <0.0097 <0.0036 <0.0044 <0.0030
Gd 0.01 <0.0180 <0.0147 <0.032 0.01 <0.015 <0.0131
Tb <0.00203 <0.00144 <0.0017 <0.0045 0.00 0.00 <0.00218
Dy <0.0068 <0.0060 <0.0084 <0.0076 <0.0069 <0.00 <0.0048
Ho <0.00121 <0.0033 0.00 <0.0043 <0.00173 <0.0032 <0.0024
Er <0.0054 <0.0134 <0.0155 0.00 0.01 <0.0107 0.00
Tm 0.00 <0.0020 <0.0020 <0.0025 0.00 <0.00246 <0.00180
Yb <0.0103 <0.0090 0.04 <0.0199 <0.0127 <0.0192 <0.0072
Lu <0.00243 0.00 0.01 0.00 <0.00172 0.00 <0.00170
W <0.0192 <0.0090 <0.0126 <0.0164 <0.0148 <0.00 <0.0116
Pb206 0.16 1.37 0.31 0.17 1044.36 256.18 0.04
Pb207 0.15 1.65 0.09 0.25 1394.88 339.71 0.07
Pb208 0.14 1.47 0.07 3.75 1218.32 403.20 0.06
Bi 0.01 <0.0069 <0.0048 0.16 34.77 9.51 <0.0051
Th 0.01 <0.00231 0.01 <0.0050 <0.0045 <0.0028 0.01
Table A5. (Cont.) O'Brien et al.
APPENDIX E 713
Deposit 11:30 11:30 11:30 11:30 11:30 11:30 11:30
Sample 044-3-2 044-4-1 044-5-1 045-5-1 045-7-1 045-7-2 047-1-1
Li <1.78 2.02 <1.95 2.39 2.55 2.27 1.11
Be 13.94 12.08 12.25 11.32 11.80 10.44 6.16
B <1.49 1.55 <1.61 <0.36 0.46 <0.35 0.30
Mg 5579.02 5590.14 6193.71 9909.57 10890.04 10554.49 10516.34
Al 294636.53 297070.97 296647.44 295688.97 295847.84 295847.19 297557.22
Si 34.12 142.46 109.24 169.61 150.06 158.62 54.11
S <0.00 <0.00 <0.00 <0.00 <0.00 <0.00 <0.00
K <2.22 <2.20 9.00 35.86 32.62 10.76 0.89
Sc 0.11 <0.097 <0.106 <0.028 <0.032 0.06 <0.022
Ti 28.88 47.53 29.44 6.30 13.68 9.21 48.37
V 289.96 261.45 276.97 347.12 342.64 334.69 197.14
Cr 492.92 473.31 227.78 2788.14 1984.70 2096.21 498.36
Mn 1204.30 1242.09 1359.17 721.16 739.22 792.84 302.60
Fe 76947.27 80491.54 86153.46 112825.62 114520.38 114250.08 80604.50
Co 115.34 125.25 126.26 105.36 105.95 102.06 144.52
Ni 31.41 40.59 40.67 91.88 137.53 116.61 24.83
Cu 9.71 10.04 10.30 0.14 <0.079 0.20 0.31
Zn 260234.88 282328.53 282765.84 184351.30 179504.44 178235.98 214151.00
Ga 174.52 201.23 315.05 158.04 154.76 144.94 213.15
Ge <0.41 0.47 0.65 <0.109 0.14 0.13 0.12
As <0.218 0.25 0.40 0.07 <0.065 <0.047 0.05
Rb <0.0187 <0.021 0.12 0.14 0.18 0.09 0.04
Sr <0.0057 <0.0028 0.01 0.04 0.04 0.01 4.23
Y 0.04 0.28 0.22 0.02 0.01 0.06 <0.00175
Mo <0.054 <0.061 <0.055 0.03 0.11 0.08 0.03
Ag <0.0179 <0.027 <0.019 <0.0091 <0.0080 0.01 0.01
Cd 4.01 5.47 5.09 4.80 5.34 3.37 6.13
Sn 0.06 0.07 <0.050 0.20 0.15 0.12 0.30
Sb <0.0067 <0.0137 <0.0149 <0.0064 0.01 <0.0080 0.02
Ba <0.025 0.00 <0.023 0.56 0.75 0.13 <0.0138
La 0.00 <0.0022 <0.0035 <0.00164 <0.00258 <0.00203 <0.00160
Ce 0.01 <0.0026 0.00 <0.00212 0.00 0.00 <0.0019
Pr 0.00 <0.0025 0.00 <0.0028 <0.00233 <0.00131 0.00
Nd <0.0068 <0.0091 <0.0088 0.01 <0.0082 <0.0101 <0.0133
Sm <0.0195 <0.0162 <0.0230 0.01 0.01 0.00 <0.0121
Eu <0.0040 <0.0035 <0.0051 <0.0033 <0.0036 <0.0028 <0.0038
Gd <0.0133 <0.0156 <0.0121 <0.0127 <0.0205 <0.0057 <0.0132
Tb <0.0028 0.00 <0.0020 0.00 0.00 0.00 <0.00200
Dy <0.0063 0.03 0.02 0.01 <0.0117 <0.0069 <0.0070
Ho 0.00 0.01 0.01 <0.00113 <0.00225 0.00 <0.00166
Er <0.0100 0.04 0.04 <0.0080 <0.0134 0.01 0.01
Tm <0.00182 0.01 0.01 <0.00174 <0.00218 0.00 0.00
Yb <0.0189 0.06 0.07 <0.0120 <0.0218 0.04 <0.0042
Lu 0.00 0.02 0.01 <0.00204 <0.0029 0.01 <0.00142
W <0.0068 <0.0090 <0.0088 0.01 0.02 0.02 <0.0071
Pb206 0.12 0.30 0.30 0.95 0.49 0.46 0.06
Pb207 0.08 0.07 0.11 0.92 0.44 0.24 0.12
Pb208 0.09 0.08 0.11 0.91 0.46 0.29 0.08
Bi 0.01 <0.0049 0.01 <0.0080 <0.0096 <0.0057 <0.0040
Th 0.01 0.05 0.06 0.01 <0.0052 0.01 0.00
Table A5. (Cont.) O'Brien et al.
APPENDIX E 714
Deposit 11:30 11:30 11:30 11:30 11:30 11:30 11:30
Sample 047-5-1 047-5-2 047-7-1 047-7-2 048-2-1 048-2-2 048-3-1
Li 1.39 1.22 0.88 0.83 <1.76 <1.32 <1.41
Be 3.70 3.73 2.88 5.55 4.34 4.94 6.03
B <0.217 <0.56 <0.33 <0.26 <1.63 <1.20 <1.25
Mg 11860.29 13116.73 10280.86 10352.79 11025.96 11243.46 11001.48
Al 300032.03 300032.03 298497.22 298497.22 297964.91 297964.97 297964.88
Si 82.60 54.08 49.39 243.86 53.08 44.20 40.29
S <0.00 <0.00 <0.00 <0.00 <0.00 <0.00 <0.00
K 4.79 <0.72 6.75 54.11 <2.20 <1.61 <1.75
Sc 0.08 0.10 <0.030 0.04 <0.093 0.10 <0.078
Ti 91.41 84.73 49.49 40.77 39.31 26.77 20.77
V 222.46 212.07 202.72 207.29 222.65 224.28 213.59
Cr 351.11 361.95 462.44 449.42 717.40 691.89 293.77
Mn 316.06 305.94 280.76 296.26 312.72 310.64 316.27
Fe 84725.75 84354.10 72774.54 78671.70 89696.07 88226.33 89320.02
Co 180.07 182.60 153.87 170.92 107.89 111.40 104.59
Ni 24.37 27.50 17.02 18.06 22.95 18.39 23.09
Cu 0.23 0.19 0.15 0.28 8.71 9.03 9.10
Zn 158937.45 176283.66 141253.02 190454.00 245077.13 240127.55 261957.38
Ga 201.50 219.55 151.99 202.82 189.03 187.65 196.28
Ge 0.25 <0.171 0.33 0.23 <0.43 <0.32 0.32
As 0.07 0.07 0.05 <0.059 <0.203 0.23 <0.150
Rb 0.04 <0.0094 0.03 0.48 <0.0166 <0.0131 <0.0169
Sr 0.01 <0.00226 0.01 0.02 <0.0046 0.01 <0.0039
Y 0.00 <0.0022 <0.00180 <0.0041 0.01 <0.0040 0.05
Mo 0.02 0.04 <0.0112 <0.0173 <0.055 <0.045 <0.052
Ag 0.02 0.01 0.01 0.01 <0.0191 <0.0141 <0.0164
Cd 3.73 6.62 5.27 4.71 7.72 7.08 7.18
Sn 0.14 0.21 0.09 0.19 0.06 0.12 0.11
Sb 0.03 <0.0154 <0.0081 <0.0112 <0.0141 <0.0085 0.03
Ba 0.11 <0.0252 0.03 0.74 0.01 <0.00 0.03
La 0.00 <0.00212 <0.00194 <0.00120 <0.00179 0.00 <0.00180
Ce 0.00 0.00 <0.00146 <0.00082 0.00 <0.0026 <0.0025
Pr <0.00066 <0.00212 <0.00100 <0.00120 0.00 <0.00206 <0.0025
Nd <0.0057 0.02 <0.0106 <0.0104 <0.0123 <0.0062 <0.0068
Sm 0.01 <0.0181 <0.0128 0.01 <0.0102 <0.0145 <0.0103
Eu 0.00 0.01 <0.0034 <0.0030 <0.0029 <0.0033 0.00
Gd <0.0145 <0.0251 0.02 <0.0161 <0.0155 0.00 <0.0089
Tb <0.00128 <0.00273 <0.0019 <0.0028 0.00 0.00 <0.00090
Dy 0.01 <0.0129 <0.0100 0.01 <0.0041 <0.0029 <0.0053
Ho <0.00159 <0.0029 0.01 <0.00117 0.00 0.00 <0.00175
Er <0.0088 <0.0162 <0.0108 <0.0112 <0.0046 <0.0046 <0.0042
Tm <0.00154 <0.0049 0.00 0.00 <0.00219 0.00 <0.0019
Yb <0.0145 <0.0155 <0.0146 <0.0101 <0.0108 <0.0044 <0.0119
Lu <0.00233 <0.0037 0.01 <0.0023 <0.00180 <0.00074 0.00
W 0.01 <0.0197 0.03 0.02 0.01 0.01 0.02
Pb206 0.32 0.09 0.24 0.64 0.25 2.46 0.42
Pb207 0.31 0.10 0.56 0.83 0.19 2.15 0.34
Pb208 0.31 0.10 0.28 0.75 0.36 2.43 0.33
Bi <0.0051 0.01 0.03 0.01 0.01 0.01 0.01
Th <0.0040 <0.0049 0.00 <0.0024 <0.00218 <0.00109 0.01
Table A5. (Cont.) O'Brien et al.
APPENDIX E 715
Deposit 11:30 11:30 11:30 11:30 11:30 11:30 11:30
Sample 048-4-1 048-4-2 048-5-1 048-6-1 048-7-1 049-3-1 049-3-2
Li 2.40 <1.45 <1.37 <1.62 <1.67 <1.77 <1.92
Be 4.60 5.25 4.80 5.15 4.14 3.28 3.45
B 1.74 <1.41 1.26 <1.52 <1.49 1.80 <1.64
Mg 11019.59 11308.48 10982.34 11618.91 11872.04 9144.45 9281.85
Al 297170.91 297170.97 296641.66 296747.44 298229.28 298658.75 298605.72
Si 93.92 80.26 <25.90 84.05 <92.21 <35.21 <37.52
S <0.00 <0.00 <0.00 <0.00 <0.00 <0.00 <0.00
K <2.02 <1.78 <1.67 <1.96 32.90 <2.22 <2.38
Sc <0.084 <0.072 <0.067 0.14 <0.085 <0.087 <0.097
Ti 5.74 29.55 31.62 2.86 13.84 2.64 1.39
V 150.01 159.68 227.03 124.33 299.13 169.45 170.07
Cr 313.85 345.05 393.09 109.02 486.34 182.85 228.26
Mn 291.46 320.34 300.78 290.24 320.53 460.72 456.96
Fe 83919.87 91738.85 86535.95 99106.59 91151.04 78358.11 76420.64
Co 97.03 105.36 100.85 131.75 100.94 197.48 183.89
Ni 26.66 29.87 21.68 40.60 22.74 4.56 3.70
Cu 7.74 9.16 8.42 9.63 6.75 9.76 8.92
Zn 224071.22 259806.16 225107.73 249813.05 207639.91 265996.66 239389.28
Ga 168.10 176.75 200.15 247.40 179.74 168.96 148.41
Ge <0.38 <0.32 <0.31 <0.38 <0.36 0.47 <0.43
As 0.73 0.23 <0.164 0.46 1.59 0.31 <0.239
Rb <0.0143 <0.0174 <0.0156 <0.0172 0.22 <0.0194 <0.0199
Sr 0.02 0.03 <0.0049 <0.0035 0.23 <0.0042 0.03
Y 0.16 0.39 <0.0038 0.01 0.00 <0.0035 0.00
Mo 0.07 <0.053 0.05 <0.045 0.08 <0.061 <0.059
Ag 1.15 0.21 <0.0105 <0.0215 1.41 <0.0171 <0.0229
Cd 8.99 6.44 8.38 7.77 12.10 9.66 7.71
Sn 0.17 0.09 0.03 0.06 0.56 0.07 <0.042
Sb 0.26 0.06 <0.0118 <0.0171 0.61 <0.0137 <0.0123
Ba <0.018 <0.0211 0.01 0.01 1.12 <0.024 0.01
La <0.0023 0.01 <0.00157 <0.00195 <0.0017 <0.0026 <0.00142
Ce 0.00 0.11 <0.00178 0.00 <0.0031 <0.0038 0.00
Pr <0.00254 0.01 <0.00220 <0.00157 0.00 <0.0021 <0.0043
Nd 0.01 0.04 <0.0044 <0.0055 <0.00 <0.0128 <0.0099
Sm <0.0147 0.02 <0.0146 <0.0144 <0.0153 <0.0161 <0.0182
Eu <0.0045 0.01 <0.0042 <0.0045 0.00 <0.0056 <0.0033
Gd <0.0115 0.03 <0.0050 0.01 <0.0161 <0.0143 <0.0220
Tb <0.0012 0.01 <0.00203 <0.00126 <0.0030 <0.00188 <0.00195
Dy 0.02 0.07 <0.0118 <0.0064 0.01 <0.0110 <0.0093
Ho 0.00 0.01 <0.00129 <0.00131 <0.00171 <0.00213 <0.00259
Er 0.03 0.05 <0.0067 <0.0083 0.00 <0.0087 <0.0052
Tm 0.00 0.01 <0.00071 <0.00197 <0.00162 <0.00217 0.00
Yb 0.05 0.08 <0.0100 <0.0176 <0.0059 <0.0074 <0.0121
Lu 0.01 0.01 <0.00130 <0.00132 0.00 <0.00173 <0.00164
W 0.01 0.02 <0.0076 <0.0108 <0.0082 0.01 <0.0069
Pb206 1669.84 265.37 0.14 0.61 1482.40 0.06 0.06
Pb207 1899.38 312.13 0.17 0.62 1796.28 0.06 0.07
Pb208 1749.27 299.24 0.15 0.54 1884.94 0.08 0.06
Bi 0.59 0.10 0.01 0.01 0.74 0.01 0.01
Th 0.05 7.07 <0.0035 0.01 <0.00 <0.0026 <0.00246
Table A5. (Cont.) O'Brien et al.
APPENDIX E 716
Deposit 11:30 11:30 11:30 11:30 11:30 11:30 11:30
Sample 049-4-1 050-2-1 050-3-1 050-3-2 050-4-2 050-5-1 050-5-2
Li <2.04 1.46 1.75 2.47 1.47 1.42 1.08
Be 2.49 2.99 3.45 3.86 3.44 3.62 3.53
B <1.90 <0.48 <0.36 <0.36 <0.42 <0.35 <0.16
Mg 8925.96 6002.29 6117.74 6085.73 6025.44 6537.85 5680.16
Al 298658.91 295159.09 292936.22 292936.19 293200.75 293200.66 293200.59
Si 40.56 277.37 105.03 432.88 331.52 655.57 805.42
S <0.00 <0.00 <0.00 <0.00 <0.00 <0.00 <0.00
K <2.50 16.50 0.98 79.35 123.60 207.16 73.99
Sc <0.102 0.03 0.04 0.10 0.18 0.24 0.16
Ti 2.54 13.22 23.38 14.35 138.49 13.79 6.71
V 224.80 148.19 170.75 153.84 153.50 160.33 156.01
Cr 274.67 114.12 212.57 161.58 205.88 130.63 131.00
Mn 457.35 894.26 895.08 838.65 960.11 905.64 830.57
Fe 75953.18 91579.29 92857.15 88047.24 91638.22 89671.60 88128.31
Co 188.55 196.25 191.71 191.11 194.20 186.84 195.70
Ni 3.69 53.02 69.96 42.86 62.33 50.67 39.19
Cu 8.54 0.18 0.24 <0.075 0.18 0.15 7.15
Zn 235039.80 198170.22 193156.38 180022.77 230811.84 206303.39 215935.33
Ga 164.88 137.54 121.64 131.04 164.46 144.32 155.87
Ge <0.48 0.31 0.47 0.33 0.39 0.35 0.80
As <0.245 <0.067 0.31 0.44 0.18 0.92 0.50
Rb <0.0205 0.24 0.01 0.27 1.74 1.10 1.51
Sr <0.0051 0.09 0.00 0.97 0.01 0.30 0.14
Y <0.0047 0.33 0.95 6.13 0.01 0.01 0.96
Mo <0.055 <0.026 0.05 0.03 0.05 <0.023 0.04
Ag <0.0214 <0.0106 <0.0094 <0.0096 <0.0118 <0.0131 0.12
Cd 8.83 7.75 7.41 6.40 6.86 7.00 5.42
Sn 0.06 0.11 0.16 0.10 0.12 0.15 0.22
Sb <0.0223 0.03 0.11 0.03 <0.0096 0.02 0.05
Ba 0.01 <0.021 <0.022 1.28 3.29 3.15 0.21
La <0.0029 0.02 0.00 1.00 0.01 <0.00193 0.02
Ce 0.00 0.07 0.01 2.86 0.00 0.00 0.09
Pr <0.0038 0.01 0.00 0.41 <0.00158 <0.00160 0.01
Nd <0.0160 0.05 0.02 2.03 <0.0077 <0.0146 0.07
Sm <0.0167 0.02 0.04 1.02 <0.0113 0.01 0.04
Eu <0.0048 <0.0055 0.00 0.08 <0.0048 0.00 0.01
Gd <0.0113 0.03 0.06 1.75 <0.0168 <0.0170 0.09
Tb <0.00163 0.00 0.01 0.23 0.00 <0.00172 0.02
Dy <0.0082 0.04 0.11 1.35 <0.0083 <0.0084 0.10
Ho <0.00206 0.01 0.03 0.23 <0.00210 <0.00214 0.03
Er 0.00 <0.0144 0.09 0.51 <0.0141 <0.0068 0.12
Tm <0.00159 0.01 0.02 0.06 0.00 <0.00230 0.03
Yb <0.0160 0.09 0.23 0.36 <0.0193 <0.0172 0.25
Lu 0.00 0.01 0.04 0.06 <0.00188 0.00 0.05
W 0.01 0.02 <0.0162 0.03 0.02 0.04 0.01
Pb206 0.04 0.52 2.75 2.72 0.37 2.37 2.78
Pb207 0.03 0.46 0.47 2.62 0.46 2.75 1.56
Pb208 0.04 0.44 1.83 2.29 0.35 2.64 1.82
Bi <0.0047 <0.0087 <0.0094 0.01 <0.0081 <0.0076 0.02
Th <0.0036 0.03 29.14 0.18 <0.0039 <0.0044 4.39
Table A5. (Cont.) O'Brien et al.
APPENDIX E 717
Deposit 11:30 B lode B lode B lode B lode B lode B lode
Sample 050-6-2 122-2-2 122-4-1 122-4-2 122-5-1 122-6-1 123-1-1
Li 1.25 8.59 6.57 7.33 7.23 7.37 <3.98
Be 4.15 2.58 2.96 2.85 3.71 3.90 3.69
B 1.01 <0.53 <0.60 0.54 <0.75 <0.61 <3.60
Mg 5950.74 13628.70 12316.62 11923.80 12926.37 12429.17 11876.10
Al 293729.72 301408.09 300349.59 299449.88 301037.63 299079.41 295057.03
Si 157.28 126.18 60.12 367.53 87.76 54.56 48.87
S <0.00 <0.00 <0.00 <0.00 <0.00 <0.00 <0.00
K 30.81 17.62 <0.71 155.60 13.00 <0.74 <4.04
Sc 0.11 0.33 0.19 0.28 <0.046 0.11 <0.143
Ti 9.90 34.17 25.55 20.83 16.45 27.11 97.83
V 201.08 71.36 76.73 74.89 76.81 81.11 155.94
Cr 222.73 23.89 44.72 47.51 19.89 22.53 36.73
Mn 907.18 2264.77 1902.87 1930.66 1987.94 1979.75 1145.16
Fe 89673.62 76485.04 64777.21 65527.52 65511.00 72708.23 94122.61
Co 185.17 14.32 13.12 13.05 12.08 13.71 56.04
Ni 57.40 1.62 1.48 1.27 0.71 1.05 3.71
Cu <0.066 0.20 0.22 0.14 0.24 0.19 8.68
Zn 182099.91 189033.28 198030.16 189758.39 192184.06 193618.03 227878.86
Ga 135.72 150.80 136.09 133.66 141.42 145.12 310.59
Ge 0.21 <0.215 <0.177 <0.182 0.21 <0.205 <0.56
As 0.50 0.24 <0.100 <0.110 <0.127 <0.116 <0.41
Rb 0.33 0.12 <0.0090 0.69 0.08 <0.0113 <0.033
Sr 0.91 0.01 0.00 0.17 0.01 0.00 <0.00
Y 1.05 0.01 0.01 0.02 0.01 <0.0034 <0.0034
Mo 0.05 0.15 0.10 0.11 0.10 0.09 0.08
Ag 0.01 <0.0110 0.01 <0.0092 0.02 <0.0157 <0.0099
Cd 7.16 10.76 9.72 8.10 11.95 13.38 3.38
Sn 0.12 0.19 0.18 0.13 0.11 0.12 0.11
Sb 0.05 0.09 0.05 0.31 0.02 0.03 0.23
Ba 0.67 0.33 0.02 1.08 0.05 <0.0239 <0.036
La 0.08 0.00 <0.0036 <0.0029 <0.0031 <0.0021 <0.00202
Ce 0.35 0.04 <0.0033 0.00 <0.0026 <0.0024 <0.0028
Pr 0.05 <0.0029 <0.00185 <0.00247 <0.0031 <0.0034 <0.0033
Nd 0.23 <0.0231 0.01 <0.0159 <0.0109 <0.0150 <0.0096
Sm 0.15 <0.0199 <0.0157 <0.0137 <0.0189 0.01 0.01
Eu 0.02 <0.0049 0.00 <0.0046 <0.0040 <0.0064 <0.0065
Gd 0.19 <0.024 <0.0269 <0.0246 <0.0218 <0.0268 <0.0148
Tb 0.03 <0.0017 <0.00259 <0.00248 <0.00139 <0.00191 0.00
Dy 0.12 <0.0115 <0.0086 <0.0086 <0.0119 <0.0115 0.00
Ho 0.02 <0.0032 <0.0028 <0.0027 <0.0030 <0.0034 0.00
Er 0.10 <0.0175 <0.0138 <0.0130 <0.0117 <0.0120 <0.0068
Tm 0.02 <0.0037 <0.0032 <0.0028 <0.0052 <0.0032 <0.00205
Yb 0.17 <0.0212 <0.0188 <0.0178 0.01 <0.0194 <0.0161
Lu 0.04 <0.0036 <0.0041 <0.0025 0.00 <0.0037 <0.00152
W <0.0126 0.02 0.02 0.03 <0.0253 <0.0159 <0.0176
Pb206 1.97 0.70 0.39 69.33 0.11 0.13 0.02
Pb207 1.42 0.90 0.45 82.21 0.15 0.16 <0.0205
Pb208 1.46 0.79 0.16 76.67 0.95 0.13 0.03
Bi <0.0082 0.01 <0.0081 <0.0068 <0.0066 <0.0066 <0.0048
Th 0.15 <0.0040 <0.0050 <0.0048 <0.0067 <0.0071 <0.0033
Table A5. (Cont.) O'Brien et al.
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Deposit B lode B lode B lode B lode B lode B lode B lode
Sample 123-1-2 123-2-1 123-2-2 123-4-1 123-4-3 123-5-1 123-5-2
Li <2.52 7.51 <2.87 4.51 <3.47 <3.92 <3.64
Be 3.21 3.18 4.00 2.77 4.23 4.01 4.22
B <2.00 <2.69 <2.20 <2.76 <2.51 <2.88 <2.75
Mg 10359.56 10242.34 10223.40 11084.93 8868.41 9053.37 8939.44
Al 295057.03 292834.16 292834.16 294210.22 294210.22 294792.41 294792.41
Si 67.42 64.64 66.19 114.24 67.80 92.82 103.14
S <0.00 <0.00 <0.00 <0.00 <0.00 <0.00 <0.00
K <2.53 <3.56 <2.90 <3.71 <3.37 <3.82 8.49
Sc <0.085 <0.121 <0.095 0.14 <0.115 <0.125 <0.117
Ti 122.36 58.56 66.44 109.05 46.63 61.28 79.19
V 155.08 135.06 140.26 204.56 198.66 193.08 200.43
Cr 39.25 45.44 44.79 37.01 59.37 12.02 20.03
Mn 1009.84 1016.58 991.18 1509.38 906.93 985.23 935.89
Fe 84397.02 85765.45 84750.57 114597.75 85528.85 90031.54 83916.43
Co 48.00 47.56 46.58 68.12 55.95 53.09 51.14
Ni 2.97 2.94 2.94 3.60 2.92 2.82 3.41
Cu 7.12 8.86 7.72 7.30 8.59 8.91 7.91
Zn 197868.22 230445.92 218460.52 218035.33 237716.61 241890.02 231670.05
Ga 247.08 293.83 269.27 315.00 352.36 346.52 276.33
Ge <0.37 0.55 0.58 0.76 0.55 <0.57 <0.53
As 0.34 <0.32 <0.26 <0.37 <0.32 <0.37 <0.38
Rb <0.0208 <0.026 0.03 <0.032 <0.030 <0.032 0.07
Sr 0.00 <0.0052 0.01 0.00 0.01 <0.0047 0.03
Y 0.00 <0.0047 0.01 <0.0056 <0.0025 <0.0066 0.00
Mo <0.032 0.09 0.09 <0.052 <0.040 <0.047 <0.057
Ag 0.01 <0.0195 <0.0064 <0.0147 <0.0107 <0.0126 <0.0144
Cd 2.57 3.44 2.83 2.51 3.09 3.32 3.13
Sn 0.08 0.16 0.05 0.07 <0.046 0.07 0.10
Sb 0.70 0.05 0.19 0.02 0.19 1.03 0.95
Ba 0.01 <0.0285 0.21 <0.034 <0.0217 0.07 0.69
La <0.00237 <0.00227 0.01 0.00 <0.0040 0.00 <0.0028
Ce 0.00 <0.0039 0.01 <0.0057 <0.0055 <0.0030 0.01
Pr <0.00122 <0.00131 0.00 <0.00137 <0.00 <0.00143 <0.00231
Nd <0.0071 <0.0152 <0.0137 0.00 0.01 <0.0083 <0.0109
Sm <0.0083 0.01 <0.0160 <0.0131 <0.0082 <0.0136 <0.0127
Eu <0.00241 0.00 <0.0021 <0.0038 <0.0041 <0.0028 <0.0045
Gd 0.00 0.01 <0.0095 <0.0123 <0.0155 <0.0090 0.01
Tb <0.00109 0.00 <0.00 0.00 <0.00108 <0.00179 <0.00118
Dy <0.0072 0.00 0.01 <0.0113 <0.0090 <0.0074 <0.0069
Ho <0.00140 <0.00173 0.00 <0.00284 <0.00113 <0.00264 <0.00174
Er <0.0036 <0.0109 0.00 0.00 <0.0071 <0.0102 <0.0055
Tm <0.00 <0.00282 <0.00131 0.00 <0.00238 0.00 <0.00201
Yb <0.0069 <0.0104 <0.0119 0.00 0.01 <0.0138 <0.0148
Lu <0.00179 <0.00172 0.00 0.00 0.00 <0.00185 <0.00211
W 0.02 0.02 0.03 0.02 0.03 0.03 0.05
Pb206 0.44 0.06 0.48 0.10 0.05 0.21 0.22
Pb207 0.51 0.06 0.58 0.12 0.06 0.25 0.26
Pb208 0.48 0.04 0.59 0.11 0.06 0.24 0.26
Bi 0.00 <0.0044 0.00 <0.0069 0.00 <0.0059 0.01
Th 0.00 0.00 0.00 0.00 <0.00240 <0.0034 0.00
Table A5. (Cont.) O'Brien et al.
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Deposit B lode B lode B lode B lode B lode B lode B lode
Sample 123-5-3 123-6-1 123-7-1 123-7-2 123-7-3 131-2-1 131-2-2
Li 3.51 <3.81 <3.56 <3.70 3.79 4.66 7.97
Be 4.42 3.40 3.91 3.81 4.06 3.28 3.21
B <1.77 4.03 <2.53 <2.60 <2.51 1.28 <1.12
Mg 9621.05 10225.58 10009.05 10748.82 11413.46 6519.32 6529.36
Al 294792.41 296485.97 295004.09 295004.09 295004.06 298391.38 298391.38
Si 60.21 72.59 79.83 89.37 46.19 <81.01 <69.24
S <0.00 <0.00 <0.00 <0.00 <0.00 <0.00 <0.00
K <2.34 <3.75 <3.55 <3.72 <3.21 <1.61 <1.38
Sc <0.076 <0.127 <0.124 <0.127 0.11 <0.120 <0.103
Ti 61.23 104.75 83.47 72.58 137.30 29.03 68.29
V 214.74 223.01 159.65 164.43 160.18 690.94 705.51
Cr 16.97 66.27 19.80 36.31 50.63 147.59 328.38
Mn 986.73 1389.46 1003.64 1066.21 1231.71 2337.12 2332.46
Fe 87522.29 108825.59 89158.98 89605.78 96176.92 104408.77 104030.81
Co 52.14 57.76 50.68 49.88 50.95 87.42 90.57
Ni 3.17 3.47 2.85 3.17 3.13 7.13 6.76
Cu 8.03 7.20 8.79 8.59 7.62 0.69 0.85
Zn 222525.73 214340.70 237703.03 241941.25 214656.23 191475.19 192743.69
Ga 301.63 334.44 325.06 311.82 304.17 296.70 288.41
Ge 0.58 <0.58 0.79 0.82 1.16 <0.59 <0.51
As <0.23 <0.37 <0.33 0.42 <0.30 <0.34 <0.29
Rb <0.0194 <0.028 <0.029 <0.034 <0.0240 <0.0250 <0.0206
Sr <0.0038 0.01 <0.0039 0.01 0.00 <0.0043 <0.0043
Y <0.0024 0.01 0.00 0.01 <0.0040 <0.0114 <0.0085
Mo <0.029 0.05 0.09 0.09 <0.034 0.13 <0.100
Ag <0.0125 <0.0144 <0.0148 0.11 <0.0100 <0.035 <0.027
Cd 2.97 2.37 3.11 3.62 2.43 5.73 5.27
Sn 0.11 <0.041 0.10 <0.047 0.08 <0.054 <0.038
Sb 0.30 0.55 0.36 0.10 0.31 0.21 <0.048
Ba 0.03 <0.0235 0.02 <0.0164 <0.0243 <0.042 <0.023
La <0.0017 <0.0023 0.00 <0.0023 0.00 <0.0048 <0.0039
Ce 0.00 0.00 0.01 <0.0044 0.01 <0.0041 <0.0031
Pr 0.00 <0.00132 <0.0024 <0.00130 0.00 <0.0042 <0.0028
Nd 0.01 <0.0076 0.01 0.00 <0.0064 <0.0189 <0.0070
Sm <0.0078 <0.0089 <0.0112 <0.0152 <0.0075 <0.028 <0.0184
Eu <0.00319 <0.00258 0.00 <0.0025 0.01 0.01 <0.0064
Gd <0.0073 0.01 <0.0129 <0.0143 0.00 <0.034 <0.035
Tb <0.00102 <0.00165 0.00 <0.00257 <0.00098 0.00 <0.00174
Dy 0.01 0.00 <0.0075 <0.0117 <0.0071 <0.0139 <0.0136
Ho 0.00 <0.00211 0.00 <0.00207 <0.00145 <0.0039 <0.00290
Er 0.00 0.00 0.00 0.00 <0.0079 <0.0141 <0.0058
Tm <0.00188 <0.00281 <0.00145 0.00 <0.00137 <0.0037 <0.0028
Yb <0.00 <0.0147 <0.0113 <0.0102 <0.0138 <0.033 <0.028
Lu <0.00129 0.00 <0.00152 <0.00119 <0.00176 <0.0039 <0.0035
W 0.04 0.08 0.01 0.01 <0.0119 <0.0190 <0.0110
Pb206 0.10 0.27 0.21 0.19 0.07 0.19 <0.042
Pb207 0.12 0.28 0.16 0.26 0.03 0.28 0.10
Pb208 0.08 0.27 0.16 0.21 0.04 0.26 <0.031
Bi <0.0019 <0.0045 <0.0063 0.01 <0.0065 0.01 0.01
Th <0.00161 0.01 <0.0037 <0.0026 0.00 <0.0054 <0.0040
Table A5. (Cont.) O'Brien et al.
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Deposit B lode B lode B lode B lode B lode B lode B lode
Sample 134-1-1 134-1-2 134-2-1 134-2-2 134-3-2 134-4-1 134-4-2
Li 4.96 5.76 6.17 8.11 6.99 6.79 7.67
Be 8.28 10.11 10.21 8.07 8.75 11.00 8.99
B <0.83 <0.71 <0.63 <0.62 <0.60 <0.65 <0.70
Mg 11124.83 10912.09 10899.93 11111.02 10875.89 10609.63 10728.56
Al 299983.28 299983.19 299983.03 299612.44 300406.03 301570.22 301570.06
Si <63.60 <52.74 <54.20 <48.89 <47.11 <51.01 58.13
S <0.00 <0.00 <0.00 <0.00 <0.00 <0.00 <0.00
K <1.27 2.59 <1.12 <1.01 1.30 <1.08 <1.07
Sc <0.097 <0.078 <0.083 <0.073 <0.075 <0.079 <0.077
Ti 1.24 1.61 1.79 1.48 1.08 0.63 0.61
V 49.61 47.08 51.07 50.76 28.98 29.94 25.84
Cr 10.62 6.22 11.78 9.83 2.44 9.99 13.15
Mn 908.74 891.99 922.82 915.86 893.54 935.80 911.25
Fe 90321.61 89298.02 92512.08 95049.48 86921.16 86089.98 93909.63
Co 71.60 68.54 72.47 71.64 66.41 66.33 69.98
Ni 1.88 3.83 2.51 1.20 1.09 1.09 1.05
Cu 0.94 1.10 0.93 0.74 0.90 0.66 0.72
Zn 220057.50 208212.19 222790.94 205803.20 205782.31 215121.73 212353.78
Ga 123.27 120.74 126.52 115.02 115.04 128.83 130.18
Ge <0.49 <0.39 <0.44 <0.32 <0.36 <0.40 <0.38
As <0.195 <0.171 <0.172 <0.168 1.78 <0.167 <0.165
Rb 0.02 0.03 <0.0172 <0.0141 <0.0171 <0.0165 <0.0187
Sr <0.0064 0.02 <0.0069 0.01 0.00 <0.0058 <0.0071
Y <0.0089 <0.0073 <0.0060 <0.0065 <0.0056 0.01 <0.0067
Mo <0.091 <0.092 <0.089 <0.067 <0.079 0.11 <0.075
Ag 0.03 <0.030 <0.03 <0.0218 <0.0159 <0.028 0.03
Cd 3.97 3.28 3.89 3.09 2.22 4.26 4.14
Sn <0.042 0.07 <0.036 0.03 <0.031 <0.030 <0.031
Sb <0.0275 0.08 <0.0205 0.02 <0.0183 <0.0189 0.04
Ba <0.032 0.03 <0.0245 0.02 <0.030 0.02 <0.025
La <0.0047 <0.0038 <0.0044 <0.0040 <0.0024 <0.0030 <0.0039
Ce 0.00 0.00 <0.0028 <0.00235 <0.00203 <0.0039 <0.00232
Pr <0.0048 <0.0028 <0.0029 <0.0026 0.00 <0.0026 <0.0032
Nd <0.0131 <0.0112 <0.0082 <0.0135 <0.0190 <0.0177 <0.0119
Sm 0.02 0.01 <0.0206 <0.0238 <0.0189 <0.0228 <0.0245
Eu <0.0046 <0.0050 <0.0064 <0.0047 <0.0036 <0.0053 <0.0069
Gd <0.032 <0.0221 <0.024 <0.0242 <0.0146 <0.0204 <0.0216
Tb <0.0057 <0.0041 <0.0027 <0.0036 <0.0024 <0.00252 <0.0028
Dy <0.0113 <0.0136 <0.0086 <0.0156 <0.0119 <0.0113 <0.0109
Ho <0.0051 <0.0038 <0.0045 <0.0032 <0.0032 <0.0040 <0.0028
Er <0.0157 <0.0109 <0.0155 <0.0089 <0.0072 <0.0143 <0.0215
Tm <0.0039 <0.00233 <0.0021 <0.0029 <0.0024 <0.0019 <0.0043
Yb <0.0216 <0.0184 <0.0202 <0.0199 <0.0211 <0.0206 <0.0120
Lu <0.0036 <0.00125 <0.0042 <0.0029 <0.00261 <0.0031 <0.0035
W <0.0150 0.09 <0.0115 <0.0155 <0.0169 <0.0122 <0.0097
Pb206 0.08 9.49 0.11 0.36 0.20 1.14 0.60
Pb207 0.26 10.52 0.10 0.69 0.22 1.54 0.66
Pb208 0.07 9.58 0.09 0.20 0.22 1.46 0.58
Bi 0.01 0.02 0.03 <0.0068 0.01 0.01 0.02
Th <0.0044 0.00 <0.0038 <0.0044 <0.00179 <0.0039 <0.0047
Table A5. (Cont.) O'Brien et al.
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Deposit B lode B lode B lode B lode B lode B lode B lode
Sample 134-5-1 140-1-1 140-1-2 140-1-3 140-2-1 140-2-2 140-4-2
Li 4.10 5.18 5.51 7.02 4.88 7.81 7.15
Be 7.21 3.29 2.75 3.00 3.90 3.33 4.21
B <0.75 <0.90 <0.78 <0.83 0.80 <0.77 <0.92
Mg 9809.97 12001.51 11675.29 12122.96 12252.77 12112.84 10727.72
Al 302839.53 301774.75 301774.34 301774.00 301456.09 301455.69 299337.47
Si <54.28 70.89 <62.32 <58.30 <53.69 <48.80 <64.43
S <0.00 <0.00 <0.00 <0.00 <0.00 <0.00 <0.00
K 28.00 <1.31 <1.31 <1.25 <1.17 <1.08 <1.49
Sc 0.10 <0.085 <0.086 <0.084 <0.076 <0.070 <0.092
Ti 1.03 75.19 91.54 74.43 45.48 71.30 37.36
V 15.34 167.88 169.92 168.79 167.04 165.34 138.05
Cr 2.53 342.76 293.40 131.51 348.97 335.83 185.37
Mn 813.66 1723.20 1668.15 1709.86 1762.22 1688.01 1513.23
Fe 79285.62 82974.65 78646.89 80917.26 83036.15 79124.64 70749.69
Co 58.92 50.55 47.82 49.62 36.48 35.51 42.69
Ni 0.92 12.86 11.99 11.15 10.99 9.65 7.89
Cu 0.74 0.73 1.04 0.88 1.08 3.73 0.87
Zn 222016.05 222424.58 227246.30 223435.94 224007.06 206939.09 210626.31
Ga 124.46 222.89 194.26 214.85 225.18 211.35 184.20
Ge <0.40 0.52 <0.42 0.39 <0.38 0.44 <0.45
As <0.17 <0.179 <0.178 0.48 <0.140 <0.140 <0.174
Rb 0.06 <0.0173 <0.0199 <0.0171 <0.0201 0.02 <0.0174
Sr 0.04 0.01 <0.0056 <0.0071 0.00 <0.0034 <0.0043
Y <0.0094 <0.0062 0.02 <0.0063 <0.0054 <0.0052 <0.0071
Mo <0.078 0.13 0.13 <0.069 <0.073 0.15 <0.107
Ag 0.05 <0.030 <0.030 <0.0229 0.02 0.03 <0.034
Cd 3.28 7.25 6.39 5.04 3.87 4.04 5.99
Sn 0.07 <0.036 0.05 0.04 0.06 <0.031 <0.040
Sb 0.03 0.06 0.38 1.47 <0.024 0.03 <0.0230
Ba 0.27 <0.033 <0.041 <0.0137 <0.035 <0.038 0.01
La 0.00 <0.0042 <0.0035 <0.0032 0.00 <0.0027 <0.0052
Ce <0.0049 <0.0042 0.00 <0.0060 <0.0041 0.00 <0.0034
Pr 0.00 <0.0029 <0.0031 <0.00168 <0.0035 <0.00277 <0.0044
Nd 0.05 <0.0239 <0.0179 <0.0163 <0.0102 <0.0160 <0.0178
Sm 0.03 <0.0148 <0.0173 <0.029 <0.0184 0.02 <0.0236
Eu 0.01 <0.0097 <0.0068 <0.0081 <0.0068 <0.0040 0.01
Gd <0.024 <0.026 <0.028 <0.023 <0.027 <0.0238 <0.026
Tb <0.00305 <0.0022 0.00 <0.0029 <0.0026 <0.00176 <0.0039
Dy <0.020 <0.0108 <0.0095 <0.0135 <0.0172 <0.0113 <0.0067
Ho <0.0044 <0.0036 <0.0042 <0.0031 <0.0030 <0.0030 <0.0029
Er <0.013 <0.0087 <0.0153 0.01 <0.0143 <0.0175 <0.0242
Tm <0.00282 <0.0023 <0.00188 <0.00133 <0.0026 <0.0029 <0.0033
Yb <0.022 <0.0239 <0.0227 <0.0192 <0.0229 <0.0211 <0.030
Lu <0.0023 <0.0044 <0.0035 <0.0035 <0.0030 <0.0027 <0.0035
W <0.0196 <0.0118 0.04 0.11 <0.0137 <0.0186 <0.0104
Pb206 0.21 0.49 1.45 0.25 0.11 0.16 0.12
Pb207 0.28 0.44 0.76 0.19 0.07 0.15 0.11
Pb208 0.17 0.44 0.70 0.25 0.13 0.15 0.11
Bi 0.02 0.02 0.02 0.02 0.01 0.01 0.02
Th <0.00295 <0.0062 <0.0055 <0.0050 <0.0036 <0.0039 <0.0054
Table A5. (Cont.) O'Brien et al.
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Deposit B lode B lode B lode C lode C lode C lode C lode
Sample 140-5-1 140-5-2 140-5-3 106-2-1 106-2-2 106-2-3 106-3-1
Li 6.37 8.42 6.90 5.32 4.71 5.08 4.88
Be 3.06 3.11 2.58 2.40 2.35 2.18 2.19
B <0.74 <0.77 <0.61 <0.25 <0.28 <0.178 <0.33
Mg 11531.82 10922.87 11747.08 10894.40 10391.60 11377.68 7978.56
Al 299972.13 299971.69 299971.25 299185.19 299185.19 299185.19 297174.00
Si 77.97 83.04 58.57 51.82 207.85 81.76 335.56
S <0.00 <0.00 <0.00 <0.00 <0.00 <0.00 <0.00
K <1.38 <1.44 <1.13 <0.42 52.46 6.20 130.09
Sc <0.091 <0.088 0.10 0.11 0.11 0.09 0.08
Ti 59.07 52.98 47.39 48.68 53.41 46.45 51.59
V 157.47 159.19 175.72 137.83 145.72 148.81 138.08
Cr 161.19 116.18 158.16 238.06 219.53 279.80 321.01
Mn 1583.79 1547.53 1675.47 1876.30 1733.85 2113.39 1526.51
Fe 76860.18 75216.82 78662.27 100563.26 97847.40 115011.92 92096.16
Co 39.99 39.15 41.85 25.07 24.48 26.44 31.78
Ni 14.43 15.36 15.66 3.13 3.18 3.47 3.28
Cu 0.68 0.73 1.15 0.11 0.27 0.19 0.08
Zn 228945.27 196745.16 224809.22 203031.55 180986.63 197408.48 191944.67
Ga 219.25 222.74 207.20 172.06 158.65 169.26 175.15
Ge <0.43 <0.46 <0.37 0.19 0.26 0.17 0.32
As 0.22 0.31 <0.139 <0.061 0.36 0.08 <0.087
Rb <0.0205 <0.022 <0.0161 <0.0049 0.31 0.03 0.76
Sr <0.0067 <0.0058 0.01 <0.00185 0.02 0.00 0.05
Y <0.0089 <0.0077 0.02 <0.0024 0.00 0.00 <0.0026
Mo <0.095 0.14 0.16 0.10 6.28 0.98 0.07
Ag <0.033 <0.023 <0.020 <0.0047 <0.0071 <0.0052 0.01
Cd 4.66 4.70 3.27 5.85 5.50 5.15 10.75
Sn <0.041 0.05 0.06 0.15 0.14 0.13 0.17
Sb 0.25 0.11 0.27 0.08 0.27 0.07 0.15
Ba <0.039 <0.0222 <0.027 <0.0069 0.71 0.07 1.05
La <0.0035 <0.0049 0.01 <0.00184 0.00 0.00 <0.00239
Ce <0.00200 <0.0043 0.01 <0.00168 0.00 0.00 0.04
Pr <0.0038 <0.0036 <0.0041 <0.00058 <0.00113 0.00 <0.00184
Nd <0.0165 0.02 <0.0134 <0.0061 <0.0053 0.00 <0.0091
Sm <0.026 <0.0199 <0.023 <0.0096 <0.0099 0.01 <0.0055
Eu <0.0109 <0.0078 <0.0036 <0.0038 <0.00192 <0.00196 <0.0028
Gd <0.031 <0.031 <0.0205 <0.0145 0.01 <0.0092 <0.0170
Tb <0.0037 0.01 <0.0022 <0.00178 <0.00156 <0.00089 <0.00116
Dy <0.0200 0.01 <0.0110 <0.0046 <0.0077 <0.0047 <0.0097
Ho <0.0020 <0.0032 0.00 <0.00134 <0.00166 <0.00095 <0.00230
Er <0.0167 <0.0125 <0.0154 0.00 <0.0066 <0.0051 <0.0125
Tm 0.00 0.01 <0.0033 <0.00227 <0.00141 <0.00125 <0.00225
Yb <0.0260 <0.031 <0.0186 <0.0071 <0.0102 <0.0064 <0.0151
Lu <0.00203 <0.0040 <0.0031 <0.00156 <0.00150 <0.00108 <0.00222
W <0.0121 0.02 <0.0139 0.01 0.05 <0.0081 <0.0086
Pb206 0.13 0.33 0.74 0.41 3.45 1.46 4.31
Pb207 0.14 0.52 0.84 0.37 4.21 1.67 4.67
Pb208 0.10 0.44 0.92 0.39 3.88 1.67 4.44
Bi 0.01 0.03 0.01 <0.0052 0.00 <0.0021 0.01
Th <0.0039 0.00 <0.0041 0.00 0.01 0.00 0.00
Table A5. (Cont.) O'Brien et al.
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Deposit C lode C lode C lode C lode C lode C lode C lode
Sample 106-3-2 117-4-1 117-5-1 117-5-2 117-6-1D 117-7-1D 132-1-1
Li 5.43 2.13 3.03 2.52 2.95 2.77 12.17
Be 2.45 7.25 9.70 8.72 9.73 9.97 9.27
B <0.214 0.60 <0.52 <0.55 <0.67 <0.52 1.44
Mg 8393.28 8601.97 9472.07 9463.28 8776.11 8350.27 16555.34
Al 297174.00 298179.63 296856.50 296856.50 301037.59 297915.03 302678.28
Si 155.46 167.57 116.20 157.31 392.77 219.83 <67.51
S <0.00 <0.00 <0.00 <0.00 <0.00 <0.00 <0.00
K 18.67 1.54 <0.83 2.87 6.67 14.56 2.12
Sc 0.10 <0.047 <0.047 <0.045 <0.043 <0.038 <0.128
Ti 69.27 22.76 43.03 66.51 26.15 23.44 43.34
V 133.99 234.23 241.89 226.10 240.24 225.59 326.48
Cr 304.92 236.77 330.10 230.29 263.38 324.31 170.77
Mn 1558.58 856.96 958.68 936.87 890.19 779.76 898.08
Fe 93267.04 102157.85 112276.99 105742.77 101039.19 94000.05 154329.31
Co 30.93 105.01 112.64 106.96 109.44 101.18 104.53
Ni 2.97 25.22 30.37 26.65 27.82 18.67 18.13
Cu 0.29 0.95 6.24 112.43 116.08 827.90 0.55
Zn 179548.81 177764.34 193697.81 192380.17 216499.45 223373.38 162756.78
Ga 161.00 405.97 412.53 424.61 414.23 243.35 367.12
Ge 0.18 0.40 <0.233 0.24 0.24 0.24 <0.62
As <0.044 <0.112 <0.111 0.48 0.21 0.23 <0.26
Rb 0.16 <0.0129 <0.0140 0.03 0.04 0.14 <0.026
Sr 0.02 0.01 0.03 0.01 0.07 0.30 <0.0120
Y 0.00 0.01 0.07 0.01 0.02 0.03 <0.0073
Mo 0.08 0.07 <0.027 <0.038 <0.037 0.06 <0.103
Ag <0.0056 <0.0137 0.10 0.12 0.43 1.65 <0.050
Cd 5.33 5.35 5.40 5.62 7.75 5.81 1.82
Sn 0.11 0.21 0.18 0.39 0.32 2.26 0.11
Sb 0.04 0.06 0.07 0.09 0.11 0.21 <0.049
Ba 0.08 0.03 0.11 0.04 0.19 0.20 0.05
La 0.00 0.00 <0.0020 <0.0027 <0.0030 0.01 <0.0058
Ce 0.00 0.01 <0.0043 <0.0045 <0.0051 0.03 <0.0049
Pr <0.00100 <0.0032 <0.0026 0.00 <0.0028 <0.0024 <0.0050
Nd <0.0061 <0.0177 <0.0199 <0.0207 <0.0185 <0.0203 <0.0180
Sm <0.0060 <0.032 0.02 <0.027 <0.018 0.02 <0.035
Eu <0.00178 <0.0041 <0.0057 0.01 <0.0078 <0.0062 <0.0104
Gd <0.0069 <0.030 <0.0233 0.01 <0.031 <0.020 <0.049
Tb <0.00126 <0.0040 <0.0022 <0.00175 <0.0030 <0.0020 <0.0052
Dy <0.0032 <0.0121 <0.0152 <0.0149 <0.0129 <0.0110 <0.026
Ho <0.00095 0.00 <0.0027 0.00 0.00 <0.0021 <0.0060
Er <0.0048 <0.0138 <0.0221 <0.0191 <0.0147 <0.0112 <0.0175
Tm <0.00092 <0.0036 <0.0037 <0.0037 <0.0051 <0.0024 <0.0037
Yb <0.0077 <0.027 <0.0188 <0.0166 0.02 <0.0244 <0.024
Lu <0.00130 <0.0032 <0.0045 <0.0039 <0.0057 <0.0022 <0.0054
W 0.01 0.01 <0.0214 0.02 0.04 0.12 <0.0203
Pb206 5.14 1.59 1.78 40.28 27.58 236.85 0.43
Pb207 6.18 1.79 2.04 47.18 33.00 289.46 0.34
Pb208 5.48 1.72 1.89 43.77 31.61 278.22 0.40
Bi 0.01 0.01 <0.0076 0.06 0.05 0.44 0.01
Th <0.00218 0.26 <0.0054 <0.0063 <0.0073 <0.0066 0.02
Table A5. (Cont.) O'Brien et al.
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Deposit C lode C lode C lode C lode C lode C lode C lode
Sample 132-1-2 132-4-2 132-4-3 132-5-1 133-1-1 133-2-3 133-4-1
Li 18.70 13.10 13.44 10.77 2.20 2.02 <1.96
Be 7.71 7.88 9.59 7.89 6.49 6.24 8.05
B <1.04 <1.04 <1.00 <0.87 <0.95 <0.90 <1.09
Mg 17215.56 14035.83 14497.17 12544.16 8307.70 9554.15 7558.43
Al 302678.34 299291.13 299291.13 301037.66 299291.09 298920.63 299291.09
Si 82.67 <64.89 <71.00 <54.19 <67.81 <58.79 97.10
S <0.00 <0.00 <0.00 <0.00 <0.00 <0.00 <0.00
K 32.29 <1.61 <1.79 3.05 <1.37 5.22 6.22
Sc <0.120 <0.122 <0.143 <0.107 <0.104 <0.092 <0.098
Ti 72.29 34.02 29.50 15.59 99.23 105.98 79.43
V 340.04 292.19 300.74 315.14 382.52 421.95 544.24
Cr 190.13 337.26 355.79 402.82 197.83 115.72 216.00
Mn 913.84 849.02 857.20 766.70 536.74 570.47 486.79
Fe 149477.30 120776.80 126403.96 125593.62 99942.38 109695.02 87540.16
Co 101.42 69.92 68.67 43.37 142.64 144.86 123.93
Ni 14.58 11.78 10.76 10.15 21.05 20.24 28.09
Cu 0.46 1.00 0.80 1.03 0.48 0.44 0.71
Zn 149935.03 199096.52 190342.63 191956.38 196684.16 173086.03 210347.94
Ga 338.45 391.63 340.62 399.20 256.16 249.42 246.69
Ge <0.55 <0.61 <0.63 <0.51 <0.51 <0.42 <0.48
As <0.25 <0.28 <0.30 <0.21 <0.32 <0.27 <0.31
Rb 0.23 <0.026 <0.0210 0.08 <0.0233 0.03 0.07
Sr 0.01 <0.0105 <0.0104 <0.0073 <0.0059 <0.0077 <0.0039
Y <0.0106 <0.0113 <0.0130 <0.0077 <0.0093 0.01 0.01
Mo 0.12 <0.100 <0.097 <0.086 <0.091 <0.088 <0.077
Ag 0.04 <0.035 <0.044 0.02 <0.034 <0.026 <0.028
Cd 1.25 2.55 2.66 3.34 5.53 4.40 7.04
Sn 0.06 <0.058 <0.064 <0.043 <0.048 <0.041 0.07
Sb 0.09 <0.039 <0.047 <0.037 0.60 <0.045 <0.039
Ba 0.56 <0.038 <0.032 <0.030 <0.028 0.11 <0.032
La <0.0065 <0.0035 <0.0048 <0.0052 <0.0036 <0.00206 0.01
Ce 0.00 <0.0039 <0.0024 <0.0044 <0.0050 <0.0024 <0.0033
Pr <0.0030 <0.0057 <0.0045 0.00 <0.0037 <0.0026 <0.0028
Nd <0.0130 <0.0205 <0.030 <0.021 <0.0127 <0.0169 <0.0169
Sm <0.0243 <0.027 <0.033 <0.0317 <0.0212 <0.0100 <0.0184
Eu <0.0064 <0.0087 <0.0097 <0.0074 <0.0063 <0.0063 <0.0074
Gd <0.040 <0.031 <0.030 <0.016 <0.029 <0.030 <0.025
Tb <0.0050 <0.0046 <0.0060 <0.0055 <0.0029 <0.0026 <0.0025
Dy <0.025 <0.0136 0.01 <0.0192 0.01 0.01 <0.0105
Ho <0.0025 <0.0066 <0.0059 <0.0037 <0.0033 <0.0037 <0.0037
Er 0.01 0.01 <0.0188 <0.014 0.01 <0.0157 <0.0106
Tm <0.0045 <0.0047 <0.0052 0.00 <0.0032 <0.0028 <0.0028
Yb <0.019 <0.030 <0.034 <0.0229 <0.0235 <0.0225 <0.0145
Lu <0.0037 <0.0050 <0.0050 <0.0042 0.00 <0.00226 0.00
W 0.03 0.01 <0.0199 0.01 <0.0184 <0.0067 0.02
Pb206 1.69 0.87 0.48 1.77 0.23 0.14 0.35
Pb207 1.81 1.25 0.55 2.33 0.28 0.19 0.34
Pb208 1.50 1.03 0.49 2.10 0.24 0.15 0.43
Bi <0.0106 0.01 <0.0110 0.02 0.01 <0.0083 <0.0080
Th 0.09 <0.0081 <0.0052 0.01 <0.0047 <0.0038 <0.0048
Table A5. (Cont.) O'Brien et al.
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Deposit C lode C lode C lode C lode C lode C lode C lode
Sample 136-2-2 136-2-3 136-3-1 136-3-2 136-6-1 136-6-2 137-1-1
Li <1.68 2.89 <1.59 <1.36 3.91 2.03 4.48
Be 3.80 4.41 4.94 4.42 4.26 4.98 2.90
B 0.78 <0.65 <0.69 <0.63 <0.71 <0.68 <0.98
Mg 10854.27 10945.15 11664.01 11157.77 10331.70 10863.28 10834.01
Al 297972.91 297972.88 298607.97 298607.94 299189.69 299189.59 299396.94
Si 84.71 43.90 <47.94 66.55 <52.23 <49.82 72.01
S <0.00 <0.00 <0.00 <0.00 <0.00 <0.00 <0.00
K <1.07 <0.90 <1.02 <0.87 <1.12 <1.08 <1.33
Sc <0.082 <0.066 <0.074 <0.062 <0.079 <0.080 <0.101
Ti 84.63 71.59 80.83 151.98 155.39 76.91 73.77
V 232.42 231.20 221.34 225.88 210.25 215.32 61.08
Cr 252.12 157.45 101.95 121.93 82.20 64.13 <0.76
Mn 532.84 534.57 605.34 550.20 496.65 480.98 1128.18
Fe 94002.04 94710.67 106032.51 94365.85 88475.49 86806.40 108407.84
Co 58.42 56.91 76.53 69.70 65.16 60.47 16.66
Ni 9.51 8.85 9.18 8.02 7.62 8.22 0.95
Cu 2.09 1.30 0.85 0.96 0.96 0.94 0.70
Zn 194935.38 198736.42 219963.02 194223.34 230193.45 207047.81 211047.86
Ga 186.85 185.53 199.86 196.58 210.32 174.22 239.84
Ge <0.39 <0.35 <0.40 <0.34 <0.40 <0.38 <0.49
As <0.197 <0.163 0.17 <0.154 <0.188 <0.172 <0.240
Rb <0.0165 0.02 <0.0153 <0.0144 <0.0189 0.03 <0.0208
Sr <0.0062 <0.0063 <0.0064 <0.0041 <0.0065 0.01 <0.0076
Y <0.0062 <0.0043 <0.0080 <0.0057 <0.0078 <0.0034 <0.0106
Mo <0.078 <0.060 <0.074 <0.077 <0.088 <0.077 0.09
Ag <0.0237 <0.0204 <0.027 0.02 <0.027 0.03 <0.029
Cd 3.75 3.90 2.56 2.86 3.87 4.17 4.00
Sn 0.04 0.10 0.03 <0.030 0.13 <0.039 <0.052
Sb 0.03 <0.0172 <0.0184 <0.0204 <0.023 <0.025 0.05
Ba <0.030 <0.023 0.02 0.02 <0.0217 <0.026 <0.029
La <0.0022 <0.00222 <0.0037 <0.00192 <0.0043 <0.0027 <0.0034
Ce 0.00 <0.0034 <0.0021 0.00 <0.0029 <0.0029 <0.0039
Pr <0.0028 <0.00234 <0.0032 <0.00178 <0.0031 <0.0039 <0.0040
Nd <0.0168 <0.0142 <0.0131 <0.0145 <0.0148 <0.0136 <0.0172
Sm <0.0199 <0.0197 <0.0142 <0.0222 <0.0222 <0.0125 <0.0223
Eu <0.0077 <0.0049 <0.0053 <0.0041 <0.0080 0.00 <0.0081
Gd 0.01 <0.0160 <0.0183 <0.0155 <0.0196 <0.027 <0.0248
Tb <0.00226 <0.0033 <0.0036 <0.00172 <0.0031 <0.0034 <0.0037
Dy <0.0116 <0.0123 <0.0089 <0.0102 <0.0099 <0.0143 <0.0175
Ho <0.0029 <0.0030 <0.0030 <0.0031 <0.0028 <0.0044 <0.0066
Er <0.0160 <0.0146 0.01 <0.0115 <0.0125 <0.0136 <0.0148
Tm <0.00115 <0.00255 <0.00255 <0.00247 <0.0027 <0.0035 <0.0028
Yb <0.0276 <0.0164 <0.022 <0.0138 <0.0133 0.03 <0.0224
Lu <0.00122 <0.00215 0.00 <0.00161 <0.0029 <0.00166 <0.0026
W 0.02 <0.0139 0.01 <0.0123 0.03 0.02 <0.0123
Pb206 3.08 8.10 0.10 0.09 0.10 4.73 <0.038
Pb207 3.72 7.63 0.05 0.13 0.14 5.29 <0.048
Pb208 3.05 7.31 0.07 0.12 0.10 4.31 <0.031
Bi 0.02 0.02 0.01 0.01 0.01 0.03 0.02
Th <0.0044 <0.0025 <0.0031 <0.0024 0.00 <0.0050 <0.0039
Table A5. (Cont.) O'Brien et al.
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Deposit C lode C lode C lode C lode C lode C lode C lode
Sample 137-1-2 137-2-1 137-2-2 137-4-1 137-4-2 137-5-1 137-5-2
Li 5.49 4.98 5.69 2.44 2.78 5.85 3.28
Be 2.83 3.60 5.18 3.67 2.54 2.05 3.00
B <0.76 <0.88 <0.71 <0.82 <0.87 1.12 <0.79
Mg 10435.46 11980.43 11771.31 10740.26 11230.26 11118.44 11561.92
Al 299396.94 302096.13 302096.13 298338.44 298338.44 294474.91 294474.91
Si 83.37 <47.82 <42.76 65.00 <45.14 73.93 48.55
S <0.00 <0.00 <0.00 <0.00 <0.00 <0.00 <0.00
K <1.09 <1.14 <1.02 <1.37 <1.09 <1.28 <1.11
Sc <0.083 <0.086 <0.077 <0.104 <0.085 <0.093 <0.084
Ti 78.95 39.36 45.43 55.58 76.07 43.04 41.08
V 60.11 60.72 59.46 68.99 75.53 70.12 72.05
Cr 0.97 0.98 1.59 1.01 1.03 <0.79 1.14
Mn 1084.99 1321.17 1296.38 1008.31 981.42 840.17 851.12
Fe 109372.11 112758.84 110772.09 90655.15 91540.03 97519.95 96261.23
Co 15.29 19.80 20.41 18.60 19.72 20.73 20.39
Ni 0.82 1.03 0.74 0.54 0.85 0.63 0.77
Cu 0.68 0.78 0.75 0.93 1.91 0.60 0.93
Zn 204951.55 201107.80 196956.34 192799.61 197045.48 201572.44 197674.13
Ga 265.02 208.98 206.31 209.62 216.46 257.39 254.90
Ge <0.38 <0.41 0.38 <0.46 <0.38 <0.45 <0.41
As 0.22 0.30 <0.186 <0.214 <0.177 <0.234 <0.182
Rb <0.0183 0.03 <0.0158 <0.0177 <0.0155 <0.0180 <0.0149
Sr <0.0038 0.01 <0.0080 <0.0074 0.00 <0.0043 0.03
Y <0.0080 <0.0085 <0.0062 0.01 <0.0057 <0.0089 <0.0065
Mo <0.075 0.10 <0.062 0.13 <0.075 <0.091 <0.065
Ag 0.02 <0.031 0.04 <0.032 <0.027 <0.028 <0.0211
Cd 3.65 3.06 3.25 5.72 5.50 4.17 3.03
Sn 0.05 0.09 0.06 0.13 <0.043 0.07 0.05
Sb <0.029 0.67 <0.033 <0.045 0.03 0.08 0.10
Ba 0.03 <0.0211 <0.0251 0.02 <0.024 0.04 <0.025
La <0.0034 0.01 <0.0036 0.01 <0.0028 <0.0056 <0.0030
Ce <0.0028 0.01 <0.0026 <0.0044 <0.0035 <0.0043 0.01
Pr 0.00 <0.0038 <0.0042 <0.0037 <0.0039 <0.0042 <0.0024
Nd <0.0124 <0.0197 0.01 <0.0123 <0.0172 0.01 <0.0138
Sm <0.0236 <0.025 <0.0210 <0.031 <0.0243 <0.0146 <0.0262
Eu <0.0047 <0.0040 <0.0044 <0.0068 <0.0060 <0.0070 <0.0074
Gd 0.02 <0.021 <0.0187 <0.030 <0.0137 <0.0213 <0.027
Tb <0.0022 0.00 <0.0025 <0.0057 <0.0029 <0.0054 <0.0037
Dy <0.0138 <0.0106 <0.0087 <0.0147 <0.0120 <0.0162 <0.0093
Ho <0.0028 <0.0031 <0.0033 <0.00167 <0.0037 <0.0031 <0.0026
Er 0.01 <0.0139 <0.0117 <0.0213 <0.0186 <0.0123 <0.0192
Tm <0.0029 <0.0033 <0.0034 <0.0032 <0.00239 <0.0029 <0.0038
Yb <0.0173 <0.0253 <0.0219 <0.0254 <0.0173 <0.031 <0.0243
Lu <0.0019 <0.0037 0.00 <0.0030 <0.00181 <0.0042 <0.00211
W <0.0165 0.03 <0.0153 <0.0220 <0.0164 0.02 0.02
Pb206 0.20 3.74 0.20 <0.046 0.37 0.78 184.29
Pb207 0.06 4.15 0.21 <0.052 0.38 0.91 2.45
Pb208 0.07 4.04 0.50 <0.029 0.47 0.75 2.16
Bi 0.01 0.02 0.01 0.02 0.02 0.02 0.01
Th <0.0033 0.01 <0.0037 <0.0044 <0.0043 <0.0042 <0.0041
Table A5. (Cont.) O'Brien et al.
APPENDIX E 727
Deposit C lode C lode C lode C lode C lode C lode C lode
Sample 137-5-3 137-6-1 137-6-4 138-1-1 138-1-2 138-1-3 138-2-1
Li 3.49 5.16 4.59 3.94 <2.12 3.13 2.51
Be 3.67 4.91 3.98 1.89 2.29 1.66 1.11
B <0.67 <0.88 <1.21 <0.84 <0.99 <0.92 <0.93
Mg 12333.99 11675.91 11962.02 13330.07 15008.29 14381.53 13428.70
Al 294474.91 298867.69 298867.72 298603.06 298603.06 298603.06 301090.53
Si 61.56 66.45 <69.77 <52.01 <65.23 <57.03 <63.63
S <0.00 <0.00 <0.00 <0.00 <0.00 <0.00 <0.00
K <1.10 <1.30 2.68 2.77 <1.41 <1.24 <1.45
Sc <0.082 <0.099 <0.129 <0.083 <0.115 <0.100 <0.110
Ti 34.35 27.10 26.23 28.34 35.93 50.09 61.84
V 75.60 77.40 80.09 152.30 145.78 162.37 154.10
Cr 0.98 <0.72 1.28 5.27 4.80 5.07 1.01
Mn 802.05 793.73 798.43 1001.42 896.74 816.95 864.32
Fe 95568.86 96384.32 95772.95 93266.66 100758.93 91983.91 95630.70
Co 20.51 23.51 23.37 46.61 44.59 40.69 44.30
Ni 0.85 0.46 <0.41 2.82 1.86 2.33 2.01
Cu 0.94 0.75 5.04 33.84 0.70 0.68 0.75
Zn 199702.52 211394.41 198523.20 212327.94 172369.50 154907.78 213661.89
Ga 219.18 230.60 212.29 347.32 310.51 270.43 380.44
Ge 0.51 <0.49 <0.63 <0.40 <0.52 <0.45 <0.48
As <0.169 <0.206 <0.26 <0.23 <0.29 <0.24 <0.30
Rb <0.0162 0.02 <0.028 <0.0167 <0.0181 <0.0174 <0.0229
Sr <0.0044 <0.0036 0.01 0.01 <0.0065 <0.0060 <0.0075
Y <0.0063 <0.0081 <0.0131 0.01 <0.0108 <0.0057 <0.0072
Mo <0.080 <0.096 <0.134 <0.067 <0.081 <0.092 <0.102
Ag <0.025 <0.030 0.07 <0.021 <0.031 <0.030 <0.027
Cd 3.10 4.90 4.12 6.78 5.39 5.65 5.90
Sn 0.04 <0.050 <0.060 <0.044 <0.050 <0.049 <0.050
Sb <0.028 0.04 <0.056 0.16 0.60 0.12 0.50
Ba <0.023 <0.030 <0.040 <0.028 <0.055 <0.0142 <0.049
La <0.0030 <0.0040 <0.0048 0.00 <0.0041 <0.0030 <0.0039
Ce <0.0024 <0.0031 <0.0051 0.01 0.01 <0.0026 0.00
Pr <0.0031 <0.0039 <0.0040 <0.0033 <0.0021 <0.0025 <0.0045
Nd <0.0126 <0.0146 <0.0219 <0.0119 <0.0228 <0.019 <0.0197
Sm <0.0211 <0.036 <0.037 <0.023 <0.027 <0.0181 <0.028
Eu <0.0049 <0.0072 <0.0101 <0.0049 <0.0112 <0.0089 <0.0075
Gd <0.028 <0.020 <0.048 <0.020 <0.028 <0.025 <0.032
Tb <0.0036 <0.0046 <0.0063 <0.0033 <0.0050 <0.00310 <0.0048
Dy <0.0107 <0.0157 0.01 <0.0113 <0.0185 <0.0191 <0.0149
Ho <0.0038 <0.0031 <0.0030 <0.0038 <0.0043 <0.0036 <0.0038
Er 0.01 <0.0141 <0.0134 <0.0120 <0.0113 <0.0147 <0.0169
Tm <0.0028 <0.0030 <0.0070 <0.0027 <0.00170 <0.0042 0.00
Yb <0.029 <0.034 <0.029 <0.0207 <0.0155 <0.0221 <0.031
Lu <0.0025 <0.0048 <0.0043 <0.0027 <0.0036 <0.0030 <0.0030
W <0.0100 <0.0116 <0.025 0.04 <0.0234 <0.0149 0.03
Pb206 0.17 0.41 10.93 1.81 0.28 0.39 0.36
Pb207 0.15 0.11 20.77 0.74 0.28 0.55 0.47
Pb208 0.14 0.12 16.60 0.65 0.31 0.46 0.47
Bi 0.01 0.01 0.03 0.03 0.01 0.02 0.02
Th <0.0053 <0.0048 <0.0056 0.00 <0.0055 <0.0039 <0.0045
Table A5. (Cont.) O'Brien et al.
APPENDIX E 728
Deposit C lode C lode C lode C lode C lode C lode Champion
Sample 138-2-3 139-1-1 139-3-1 139-3-2 139-4-1 139-4-2 124-1-1
Li <1.31 3.80 4.59 2.77 3.33 4.17 6.97
Be 2.36 6.10 5.47 3.79 2.02 3.09 39.61
B <0.61 <0.76 <0.77 <0.78 <0.60 <0.79 <0.76
Mg 13059.67 9872.97 9591.78 10029.12 8408.03 8318.89 8320.30
Al 301090.53 299292.88 297704.72 297704.44 299344.91 299344.66 299238.16
Si 70.45 <62.16 <56.08 81.06 <46.72 <58.92 70.35
S <0.00 <0.00 <0.00 <0.00 <0.00 <0.00 <0.00
K <0.87 <1.41 <1.27 <1.03 4.94 5.43 1.52
Sc 0.11 <0.101 <0.089 <0.074 <0.079 <0.094 0.18
Ti 31.59 50.14 106.35 115.02 65.75 83.45 11.69
V 179.02 184.74 129.90 132.75 133.02 141.64 42.54
Cr 1.33 188.93 99.34 86.99 66.43 63.95 11.44
Mn 869.05 630.02 653.59 681.49 544.31 545.16 1569.05
Fe 98008.48 115871.16 138460.39 142502.50 111180.48 114566.79 84170.87
Co 41.75 84.50 81.47 84.12 81.13 80.70 49.62
Ni 2.14 9.19 8.87 9.57 8.38 8.42 3.99
Cu 1.22 0.76 0.76 0.69 0.89 1.04 0.69
Zn 241909.72 200381.91 189533.45 177545.45 207272.56 226190.95 182829.39
Ga 331.19 314.92 284.81 271.34 285.35 265.45 196.24
Ge <0.31 <0.47 <0.42 0.62 <0.37 <0.48 <0.41
As 0.44 <0.196 <0.176 <0.137 <0.147 0.19 <0.27
Rb 0.02 <0.0211 <0.0204 <0.0152 0.04 0.06 0.02
Sr 0.03 <0.0052 0.01 <0.0063 <0.0047 <0.0092 0.04
Y <0.0043 <0.0085 <0.0062 <0.0059 0.01 <0.0129 <0.0053
Mo 0.13 <0.110 0.08 <0.073 <0.077 0.12 <0.096
Ag <0.019 0.04 <0.034 0.04 <0.022 <0.030 <0.0217
Cd 7.07 2.19 2.02 1.59 2.86 1.80 4.01
Sn 0.12 <0.046 0.05 <0.029 0.05 <0.039 0.04
Sb 0.86 <0.024 <0.028 <0.0233 0.04 0.03 <0.042
Ba <0.0186 <0.023 <0.033 <0.0274 <0.022 <0.040 0.05
La 0.00 <0.0042 <0.0025 <0.0029 <0.0029 <0.0045 <0.0028
Ce 0.04 <0.0061 <0.0039 0.00 <0.0039 0.00 <0.0025
Pr 0.00 <0.0049 <0.0035 <0.0032 <0.0039 <0.0049 <0.0021
Nd <0.014 <0.0194 0.01 <0.0190 <0.0128 <0.0161 <0.0192
Sm <0.017 <0.0207 <0.0148 <0.0092 <0.022 <0.021 <0.0199
Eu <0.0043 <0.0068 <0.0101 <0.0061 <0.0061 <0.0094 <0.0059
Gd <0.0205 <0.037 <0.026 <0.027 <0.027 <0.024 <0.0172
Tb <0.0017 <0.0022 <0.0043 <0.0030 <0.0021 <0.0032 <0.00251
Dy 0.02 <0.0146 <0.0162 <0.0092 <0.0120 <0.0171 <0.0148
Ho 0.00 <0.0040 <0.0039 <0.0031 <0.0041 <0.0061 <0.0037
Er <0.0093 <0.0128 <0.0106 <0.0148 <0.0092 <0.026 <0.0118
Tm <0.0024 <0.0035 <0.0032 <0.0028 0.00 0.00 <0.00160
Yb <0.019 <0.0249 <0.0206 <0.0193 <0.0179 <0.033 <0.0280
Lu 0.00 <0.0038 <0.0031 <0.00185 <0.0033 <0.0044 <0.0029
W 0.04 <0.0100 <0.0166 <0.0110 0.01 <0.021 <0.0124
Pb206 41.25 0.52 0.06 0.18 0.16 1.28 0.52
Pb207 45.61 0.64 0.09 0.28 0.10 0.64 0.60
Pb208 36.16 0.51 0.10 0.24 0.11 1.79 0.55
Bi 0.02 0.01 0.01 0.01 0.02 0.01 0.01
Th <0.00268 <0.0059 <0.0038 <0.0044 0.01 <0.0065 <0.0041
Table A5. (Cont.) O'Brien et al.
APPENDIX E 729
Deposit Champion Champion Champion Champion Champion Champion Champion
Sample 124-2-1 124-2-2 124-3-1 124-4-1 124-4-2 124-5-1 124-5-2
Li 9.39 4.50 5.58 12.61 12.24 15.27 14.30
Be 37.89 31.53 26.77 28.32 30.18 30.08 30.16
B <1.15 <1.14 <0.93 <1.04 <0.95 <0.76 <0.70
Mg 7073.21 7830.77 7299.03 8679.64 8661.66 9601.85 7963.11
Al 299238.16 299238.16 298232.59 299714.50 299714.50 299926.19 299926.19
Si <75.95 <80.05 <59.54 <74.08 <62.95 <55.66 58.03
S <0.00 <0.00 <0.00 <0.00 <0.00 <0.00 <0.00
K <1.50 14.39 <1.17 3.28 <1.23 <1.08 1.57
Sc 0.18 <0.127 0.23 0.27 0.32 0.28 0.18
Ti 15.19 10.64 8.80 9.87 8.91 8.49 10.17
V 37.42 33.89 91.45 92.73 92.35 95.94 96.68
Cr 4.09 8.26 4.88 4.90 4.08 4.60 5.01
Mn 1535.49 1522.55 1291.20 1607.04 1596.53 1634.16 1436.73
Fe 89758.06 84004.78 66997.38 85560.80 82363.04 78320.83 76029.25
Co 53.01 50.13 44.86 49.74 47.13 45.97 47.79
Ni 3.82 4.72 1.55 1.39 1.25 1.26 1.74
Cu 0.75 0.76 0.88 0.58 0.92 0.78 0.87
Zn 196337.94 179311.67 198860.22 168435.55 180332.19 179993.27 186821.63
Ga 234.83 205.06 143.65 151.97 151.79 140.07 144.73
Ge <0.58 <0.55 <0.44 <0.54 <0.46 <0.42 <0.35
As <0.36 <0.39 <0.29 <0.36 <0.30 <0.28 <0.237
Rb <0.0242 0.09 0.04 0.09 0.03 <0.0165 0.02
Sr 0.01 0.19 0.03 0.20 0.04 <0.0044 0.02
Y <0.0095 0.01 0.01 0.01 <0.0060 <0.0064 <0.0059
Mo <0.121 <0.081 <0.079 0.21 0.11 <0.083 0.08
Ag <0.043 0.04 <0.0263 <0.036 <0.025 <0.0228 <0.0182
Cd 6.13 6.26 11.01 11.09 10.35 9.24 9.11
Sn <0.048 0.05 0.04 <0.049 <0.040 0.06 <0.032
Sb <0.060 <0.061 <0.043 0.10 <0.046 <0.040 <0.036
Ba <0.038 0.23 0.18 0.29 0.12 <0.023 <0.0210
La <0.0032 <0.0053 <0.0032 <0.0048 <0.0029 <0.0031 <0.00155
Ce <0.0045 <0.0035 0.01 <0.0032 0.00 <0.0029 <0.00199
Pr <0.0040 <0.0046 <0.0031 <0.0029 <0.0038 <0.00203 <0.00211
Nd <0.0081 <0.025 <0.0114 <0.01 <0.0102 <0.0122 <0.0119
Sm <0.0214 0.02 <0.0150 <0.0241 <0.0139 <0.0144 <0.0118
Eu <0.0040 <0.0106 <0.0053 0.01 <0.0041 <0.0047 <0.0038
Gd <0.032 0.04 0.02 <0.021 0.02 <0.0173 <0.0120
Tb <0.0032 <0.0035 <0.0037 <0.0038 <0.0027 <0.0030 <0.00249
Dy <0.0084 <0.014 <0.0102 <0.0105 <0.0149 <0.0105 <0.0065
Ho <0.0042 0.00 <0.0028 0.00 <0.00187 <0.00245 <0.00218
Er <0.0067 <0.018 <0.0141 <0.0103 <0.0119 <0.0119 <0.0052
Tm <0.0043 <0.0041 <0.00267 0.00 <0.0039 <0.00235 <0.00237
Yb 0.02 <0.022 <0.0158 <0.026 <0.0133 <0.0162 <0.0101
Lu <0.0037 <0.0044 <0.0021 <0.0030 <0.0035 <0.00228 <0.00084
W <0.0203 <0.0278 <0.0064 0.04 <0.0208 <0.0086 <0.0087
Pb206 0.06 1.52 0.05 1.25 0.72 <0.030 0.10
Pb207 0.09 1.69 <0.042 1.37 0.87 <0.036 0.11
Pb208 0.07 1.64 0.07 1.33 0.88 0.03 0.10
Bi 0.01 0.02 0.03 0.02 0.03 0.02 0.01
Th <0.0052 <0.0050 <0.0036 <0.0021 0.00 <0.0049 <0.0022
Table A5. (Cont.) O'Brien et al.
APPENDIX E 730
Deposit Champion Champion Champion Champion Champion Flying Doc. Flying Doc.
Sample 124-6-1 124-6-2 124-7-1 124-7-2 124-7-3 073-2-1 073-2-2
Li 11.52 9.93 4.32 3.40 4.70 2.92 3.37
Be 33.36 33.29 32.84 31.53 32.26 5.36 4.84
B <0.89 <0.74 1.07 <0.85 <0.80 <1.70 <2.03
Mg 8138.95 8597.49 7256.85 7456.90 7748.94 5184.28 5117.07
Al 298232.59 298232.59 300084.97 300084.97 300084.97 296536.94 296536.97
Si 63.14 <54.92 <68.61 <65.11 <52.30 46.68 50.80
S <0.00 <0.00 <0.00 <0.00 <0.00 <0.00 <0.00
K <1.10 <1.06 1.77 2.70 <0.99 <2.89 <3.14
Sc 0.22 0.26 0.24 0.19 0.24 <0.122 <0.139
Ti 10.95 10.37 8.05 8.72 10.66 4.99 2.24
V 87.80 90.51 98.19 102.35 101.49 79.28 74.73
Cr 24.06 26.58 33.01 33.40 32.34 88.48 60.98
Mn 1556.18 1635.26 1270.92 1322.45 1335.89 288.24 287.20
Fe 79702.23 80550.95 69850.33 70836.30 72587.99 74570.43 72835.35
Co 44.78 43.32 46.13 46.72 47.52 119.68 116.08
Ni 2.35 2.15 2.70 2.23 2.32 1.90 1.30
Cu 0.74 0.94 0.90 0.42 0.71 9.96 10.21
Zn 182979.17 180382.70 192703.06 181589.63 183731.23 261130.47 257433.72
Ga 148.76 144.76 148.33 141.09 140.78 231.94 216.41
Ge <0.41 <0.41 <0.47 <0.47 <0.38 0.60 <0.60
As <0.30 <0.28 <0.44 <0.38 <0.30 <0.25 <0.28
Rb <0.0153 <0.0144 <0.0186 <0.0193 <0.0161 <0.030 <0.029
Sr <0.0052 <0.0039 0.04 0.04 0.00 <0.0047 <0.0059
Y <0.0075 <0.0041 0.01 0.01 <0.0061 <0.0087 <0.0098
Mo <0.086 0.09 <0.081 <0.076 <0.071 <0.078 <0.071
Ag <0.0226 <0.030 <0.027 <0.029 <0.0248 0.04 <0.0255
Cd 11.62 9.44 19.40 15.23 10.97 6.20 5.65
Sn <0.032 0.04 0.05 0.04 <0.033 0.06 0.06
Sb <0.047 <0.036 <0.056 0.10 <0.039 0.06 <0.027
Ba <0.0196 <0.0148 0.08 <0.037 <0.0174 <0.037 0.00
La <0.0035 <0.0031 0.00 <0.0027 <0.0031 <0.0015 <0.0042
Ce <0.00166 <0.00266 0.02 0.00 <0.00209 <0.0033 <0.0032
Pr <0.0034 <0.00258 <0.0037 <0.0036 <0.0036 <0.00274 <0.0043
Nd <0.0157 0.01 0.01 <0.0193 <0.0117 <0.0100 <0.0176
Sm <0.0197 <0.0214 <0.0210 <0.0213 <0.0124 <0.0117 <0.0145
Eu 0.00 <0.0043 <0.0041 <0.0053 <0.0048 <0.0064 <0.0066
Gd <0.0213 <0.0197 <0.027 <0.0283 <0.0141 <0.0227 <0.0262
Tb <0.00232 <0.00166 <0.00118 0.00 <0.00243 <0.00222 0.00
Dy <0.0086 <0.0105 <0.0098 <0.0070 <0.0093 <0.0145 <0.0057
Ho <0.0038 <0.00224 <0.0028 <0.00217 <0.00136 <0.0030 <0.00246
Er <0.0129 <0.0119 <0.0157 <0.0138 <0.0129 <0.0137 <0.0064
Tm <0.00208 <0.0029 <0.0038 <0.0027 <0.00206 <0.0027 <0.0023
Yb <0.0133 <0.0123 <0.0131 <0.0188 <0.0144 <0.0120 0.01
Lu <0.0027 0.00 <0.00178 <0.00180 <0.00196 0.00 <0.00245
W <0.0066 <0.0086 0.01 <0.0108 0.01 <0.0098 <0.0192
Pb206 0.05 0.04 0.37 0.19 0.06 0.11 0.07
Pb207 <0.038 0.05 0.45 0.25 0.10 0.17 0.13
Pb208 0.04 0.02 0.45 0.22 0.03 0.14 0.08
Bi 0.02 0.02 0.03 0.03 0.02 0.01 <0.0056
Th <0.0051 <0.0031 0.00 <0.00194 <0.0030 <0.0035 0.00
Table A5. (Cont.) O'Brien et al.
APPENDIX E 731
Deposit Flying Doc. Flying Doc. Flying Doc. Flying Doc. Flying Doc. Flying Doc. Flying Doc.
Sample 073-2-3 073-4-1 073-4-2 073-5-1 074-1-1 074-2-2 074-3-1
Li 3.72 <3.20 <3.02 <4.17 3.35 8.51 4.19
Be 6.39 6.99 5.16 5.08 2.95 2.75 5.02
B <1.60 <2.66 <2.38 <3.42 <0.22 0.28 0.59
Mg 4670.57 5709.16 5789.46 4820.94 5412.28 8190.43 7914.41
Al 296536.97 299606.53 299606.56 298283.44 298445.69 300457.31 299134.31
Si 60.75 66.00 103.21 <73.95 190.87 100.66 19.96
S <0.00 <0.00 <0.00 <0.00 <0.00 <0.00 <0.00
K <2.93 <3.80 <3.61 50.80 114.66 8.07 <0.41
Sc <0.124 <0.165 <0.150 <0.22 0.21 0.70 0.23
Ti 4.38 2.69 2.34 137.28 30.87 57.71 42.94
V 78.70 75.40 76.97 67.69 46.49 43.10 69.56
Cr 79.56 22.84 10.38 17.62 3.08 1.01 3.11
Mn 247.21 371.16 330.53 351.10 1112.89 1600.43 855.48
Fe 73562.07 73634.82 75167.96 64494.72 78529.45 94734.80 91017.76
Co 116.01 112.74 117.68 97.06 33.11 43.02 42.61
Ni 2.01 1.57 1.63 1.12 2.64 4.47 4.81
Cu 9.40 10.42 9.46 13.15 0.26 1.68 0.76
Zn 245466.92 277427.78 264296.69 246055.55 197836.48 183073.33 209685.38
Ga 211.86 224.03 209.22 169.34 167.54 141.95 166.09
Ge <0.60 <0.78 <0.66 1.03 0.16 0.12 <0.111
As <0.24 <0.32 <0.28 <0.42 0.06 0.05 0.15
Rb <0.027 <0.035 0.06 0.10 0.45 0.09 0.01
Sr 0.01 <0.0042 <0.0077 0.09 0.03 0.00 0.00
Y <0.0072 <0.0102 <0.0071 <0.0093 0.00 <0.00083 0.02
Mo <0.082 0.10 <0.112 <0.147 0.06 0.14 0.04
Ag <0.026 <0.0237 <0.035 0.04 0.03 0.02 0.02
Cd 5.08 7.18 6.51 3.35 11.55 7.93 10.47
Sn 0.05 <0.065 0.12 0.23 0.28 0.36 0.94
Sb <0.0161 <0.030 <0.0238 <0.045 0.06 0.02 0.05
Ba <0.0176 <0.040 0.77 7.60 0.23 0.06 <0.0183
La <0.0035 <0.0023 <0.0021 0.10 <0.00088 <0.00129 <0.00154
Ce 0.00 0.01 <0.0042 <0.0064 0.00 <0.00142 <0.00209
Pr <0.0045 0.00 <0.0035 <0.0088 <0.00105 <0.00153 <0.00164
Nd <0.0204 <0.0269 <0.0174 <0.00 <0.0051 <0.0091 <0.0069
Sm <0.0169 <0.026 <0.042 <0.044 <0.0061 0.02 <0.0138
Eu <0.0049 0.00 <0.0034 <0.0074 0.00 0.00 <0.0039
Gd <0.0188 <0.025 <0.0196 <0.0301 <0.0055 <0.0071 <0.0095
Tb <0.00130 <0.00172 <0.00222 <0.0064 <0.00078 0.00 <0.00183
Dy <0.0132 <0.0071 <0.0160 <0.0173 <0.0054 <0.0043 <0.0064
Ho <0.00135 <0.0036 <0.0033 <0.00250 <0.00137 <0.00144 0.00
Er <0.0061 0.01 0.00 <0.0224 <0.0053 <0.0069 <0.0042
Tm <0.0034 <0.00169 <0.0031 <0.0041 <0.00177 <0.00131 <0.00192
Yb <0.0162 <0.0151 <0.0169 <0.0150 <0.0085 <0.0059 <0.0135
Lu 0.00 <0.00251 <0.00230 <0.0050 <0.00071 <0.00126 <0.00179
W <0.0141 <0.0153 <0.0171 0.12 0.00 0.01 <0.0090
Pb206 0.05 0.10 0.38 0.21 36.18 16.12 0.93
Pb207 0.05 0.09 0.44 0.37 42.90 18.57 1.13
Pb208 0.05 0.10 0.37 0.33 37.56 17.84 1.11
Bi 0.01 0.01 0.01 <0.012 0.02 0.04 0.01
Th <0.00294 <0.0038 <0.0056 <0.0038 <0.00169 <0.00270 <0.0026
Table A5. (Cont.) O'Brien et al.
APPENDIX E 732
Deposit Flying Doc. Flying Doc. Flying Doc. Flying Doc. Flying Doc. Flying Doc. Flying Doc.
Sample 074-3-2 074-4-2 074-5-1 077-1-1 077-3-1 077-4-1 077-4-2
Li 5.50 4.02 5.59 5.53 6.06 6.18 6.06
Be 3.59 4.77 2.60 2.18 2.47 2.34 1.41
B <0.24 0.34 <0.41 <0.43 1.31 1.35 <0.31
Mg 9388.01 7453.75 7428.82 6601.01 5611.48 6673.80 6446.63
Al 299134.41 299452.31 296753.81 293527.84 297974.13 300091.44 294957.88
Si 32.85 250.44 155.32 64.98 74.13 602.51 63.31
S <0.00 <0.00 <0.00 <0.00 <0.00 <0.00 <0.00
K <0.31 81.57 32.78 <0.47 <0.52 12.76 6.83
Sc 0.40 0.28 0.24 <0.027 <0.029 <0.0215 <0.020
Ti 55.19 34.57 26.53 2.45 1.61 2.72 2.24
V 69.35 59.56 46.43 71.80 58.04 63.96 64.86
Cr 0.86 114.83 17.64 376.72 454.62 417.89 164.60
Mn 1291.97 776.83 763.17 452.02 392.72 488.15 455.29
Fe 96378.49 81692.98 81418.68 74164.34 74613.45 71555.17 70486.77
Co 45.52 38.17 38.89 31.93 32.28 31.61 30.85
Ni 4.83 3.68 2.66 3.53 4.24 3.20 2.07
Cu 2.36 0.77 3.10 0.22 0.23 0.76 0.14
Zn 202971.58 193157.77 223081.50 211864.27 222208.44 215352.25 224364.98
Ga 146.99 143.83 163.56 139.75 135.17 132.00 139.85
Ge 0.09 0.23 0.25 0.20 <0.116 0.15 <0.086
As 0.12 0.18 <0.070 <0.074 <0.090 1.65 <0.056
Rb <0.0044 0.53 0.22 <0.0057 <0.0074 <0.0048 0.07
Sr 0.00 0.06 0.05 <0.00273 0.00 0.02 0.01
Y 0.01 0.04 0.01 <0.00278 <0.00276 0.00 0.01
Mo 0.07 0.03 0.09 0.03 <0.0202 0.02 0.05
Ag 0.11 <0.0061 0.03 <0.0114 <0.0104 <0.0086 <0.0063
Cd 5.79 8.07 9.65 11.22 11.28 9.61 7.77
Sn 0.59 0.35 0.28 0.22 0.30 0.23 0.26
Sb 0.50 0.04 0.27 <0.0085 <0.0111 0.08 <0.0098
Ba 0.01 0.89 0.29 <0.0178 <0.0194 <0.0207 0.05
La 0.00 0.01 <0.0023 <0.00179 <0.0026 0.02 <0.00107
Ce 0.00 0.01 0.01 0.00 <0.00218 0.02 <0.00227
Pr <0.00110 0.00 <0.00101 <0.00134 <0.00200 0.00 <0.00127
Nd <0.0049 <0.0063 <0.0060 <0.0097 0.01 0.01 <0.0065
Sm <0.0103 <0.0059 <0.0051 <0.0126 <0.0116 0.02 0.03
Eu <0.00268 <0.0027 <0.0037 <0.0040 <0.0035 <0.0032 0.00
Gd <0.0075 <0.0092 0.01 0.01 <0.0169 <0.0101 <0.0114
Tb <0.00108 <0.00132 <0.00151 <0.00224 <0.00211 0.00 <0.0020
Dy <0.0050 0.01 0.00 <0.0095 <0.0116 <0.0055 <0.0070
Ho 0.00 0.00 0.00 <0.00131 <0.00184 <0.00155 0.00
Er <0.0052 0.01 <0.0036 <0.0083 <0.0109 <0.0077 0.01
Tm <0.00103 <0.00195 0.00 <0.00164 0.00 <0.00117 <0.00184
Yb <0.0083 0.02 <0.0134 0.02 <0.0082 <0.0131 <0.0090
Lu <0.00146 0.00 <0.0020 0.00 <0.0030 <0.00190 <0.00166
W 0.01 0.01 <0.0123 0.01 <0.0128 <0.0043 <0.0089
Pb206 92.40 6.88 42.07 0.07 0.03 12.92 1.89
Pb207 115.80 7.84 49.32 0.14 0.07 15.69 0.45
Pb208 107.28 8.00 47.47 0.08 0.06 16.58 0.44
Bi 0.11 0.08 0.41 <0.0048 0.01 0.02 <0.0059
Th <0.0027 0.01 0.01 <0.0042 <0.0032 <0.0032 0.00
Table A5. (Cont.) O'Brien et al.
APPENDIX E 733
Deposit Flying Doc. Flying Doc. Flying Doc. Flying Doc. Flying Doc. Flying Doc. Flying Doc.
Sample 077-4-3 077-5-1 077-6-1 078-1-1 078-1-2 078-2-1 078-2-2
Li 5.65 7.50 5.42 2.56 8.22 9.16 6.34
Be 2.07 2.15 1.77 3.68 5.59 3.85 4.51
B <0.34 <0.52 <0.27 <1.34 1.53 <1.50 <1.56
Mg 6592.39 6243.05 5706.36 9582.52 8438.73 10133.20 8364.42
Al 294958.16 294958.41 294323.53 297015.34 298550.19 295004.19 295004.19
Si 33.24 124.29 126.18 52.02 35.69 59.91 <31.93
S <0.00 <0.00 <0.00 <0.00 <0.00 <0.00 <0.00
K 4.12 10.06 6.83 <2.22 <2.18 <2.70 <2.21
Sc <0.0248 <0.032 0.03 0.73 0.53 0.81 0.56
Ti 1.80 2.15 6.33 57.78 43.43 62.23 55.97
V 65.21 64.72 61.48 66.56 61.80 55.80 62.06
Cr 256.75 453.40 374.80 1.47 58.73 1.39 3.30
Mn 449.42 408.12 388.67 2819.49 1447.70 2875.53 1830.03
Fe 68576.44 78930.26 71434.89 96996.87 92855.12 102916.87 92890.75
Co 28.95 32.89 32.50 43.61 44.16 42.75 34.76
Ni 2.29 3.58 3.58 4.91 4.30 5.05 4.42
Cu 0.40 3.34 3.10 8.26 9.46 9.30 9.40
Zn 193650.34 172731.66 218855.80 238147.19 264111.91 236401.00 259256.44
Ga 121.07 112.36 133.72 152.19 150.06 155.59 154.32
Ge 0.14 0.52 <0.075 <0.48 <0.48 <0.61 <0.45
As 0.96 0.37 10.98 <0.205 <0.201 <0.26 <0.208
Rb 0.03 0.19 <0.0058 0.02 <0.0217 <0.0219 <0.0205
Sr <0.00216 0.00 0.07 0.21 <0.0035 0.01 0.00
Y <0.00245 <0.00147 0.00 0.00 <0.0046 <0.0080 <0.0054
Mo <0.0160 <0.019 0.07 <0.067 0.09 0.15 0.12
Ag <0.0126 <0.0099 0.01 <0.0206 <0.0171 <0.031 <0.0172
Cd 8.91 5.54 7.31 2.27 2.37 2.43 2.97
Sn 0.18 0.15 0.52 0.16 0.04 <0.046 0.15
Sb 0.01 <0.0155 0.11 0.07 <0.0165 0.06 0.01
Ba 0.06 <0.0251 0.02 <0.028 <0.0226 0.00 <0.034
La 0.00 0.02 0.08 <0.00123 <0.00196 <0.0024 <0.00270
Ce 0.00 0.05 0.13 0.00 <0.00155 0.00 <0.00166
Pr <0.00237 <0.00173 0.01 <0.00171 <0.00257 <0.00136 <0.00194
Nd 0.01 <0.0146 0.09 <0.0058 <0.0106 <0.0159 0.00
Sm <0.0060 0.02 <0.0071 0.01 <0.0138 <0.0160 <0.0132
Eu <0.0031 <0.00261 <0.0024 0.00 <0.0025 <0.0060 <0.0027
Gd <0.0106 0.02 <0.0073 0.01 0.01 <0.0089 <0.0127
Tb <0.00217 <0.00243 0.00 <0.0034 0.00 <0.00124 <0.00198
Dy <0.0092 0.01 <0.0086 <0.0064 <0.0059 <0.0089 <0.0052
Ho <0.00189 0.00 0.00 <0.00162 <0.00210 0.00 <0.00206
Er 0.01 <0.0076 0.01 <0.0072 <0.0067 <0.0082 0.00
Tm <0.00205 <0.00190 <0.00154 <0.00088 <0.00081 <0.00172 <0.00123
Yb 0.01 <0.014 <0.0086 <0.0056 <0.0136 <0.0109 <0.0078
Lu <0.00239 <0.0020 0.00 <0.00227 <0.00085 <0.00287 <0.00224
W <0.0083 <0.0105 0.84 <0.0057 0.01 0.00 <0.0158
Pb206 4.96 5.23 59.02 2.63 0.04 <0.0235 0.33
Pb207 6.04 5.45 64.57 2.84 0.03 3.42 0.15
Pb208 5.54 5.27 59.51 2.63 0.04 0.36 0.13
Bi 0.01 <0.0077 0.01 0.02 0.01 <0.0070 0.01
Th <0.00233 <0.0057 0.01 <0.00273 <0.00217 <0.00267 <0.00135
Table A5. (Cont.) O'Brien et al.
APPENDIX E 734
Deposit Flying Doc. Flying Doc. Flying Doc. Flying Doc. Flying Doc. Flying Doc. Flying Doc.
Sample 078-4-1 078-5-1 078-5-2 079-2-1 079-2-2 079-4-1 079-5-1
Li 5.42 4.47 5.12 3.76 3.80 3.85 3.33
Be 5.11 4.96 5.10 4.62 4.75 4.96 4.49
B <1.28 2.16 <1.41 0.57 0.31 <0.23 0.20
Mg 9428.10 8670.42 9577.53 5985.32 6099.97 5289.24 5899.97
Al 293892.78 298497.25 298497.25 299817.41 299817.56 298441.47 298229.69
Si 145.15 <38.53 55.16 <10.91 44.08 39.89 36.20
S <0.00 <0.00 <0.00 <0.00 <0.00 <0.00 <0.00
K 8.45 <2.59 <2.13 <0.223 3.01 1.17 7.47
Sc 0.39 0.21 0.56 0.03 0.03 0.03 0.06
Ti 50.27 45.12 70.10 1.20 1.64 2.62 2.46
V 64.38 59.60 61.63 88.72 107.76 66.71 88.91
Cr 5.87 45.14 2.04 49.27 81.98 107.70 38.56
Mn 2595.32 1239.50 1984.24 359.96 378.18 292.91 365.94
Fe 99402.20 96780.62 103930.49 70107.10 69305.16 69748.20 68134.39
Co 45.22 47.15 48.00 104.32 102.61 151.67 106.38
Ni 4.74 4.62 4.48 1.01 1.13 1.86 1.33
Cu 22.43 9.28 14.72 0.27 0.18 0.11 0.15
Zn 204057.42 255011.56 231272.67 196331.28 204827.25 211073.31 206237.50
Ga 143.87 152.53 160.45 165.29 152.83 186.05 178.26
Ge 0.50 <0.54 0.79 0.13 0.09 <0.075 0.07
As <0.188 <0.23 0.27 <0.037 <0.028 0.05 <0.039
Rb 0.11 <0.0257 <0.0178 <0.0030 0.05 0.01 0.11
Sr 0.07 0.00 0.07 0.00 0.00 0.00 <0.00143
Y 0.01 0.01 <0.0059 <0.00098 <0.00 0.00 0.00
Mo 0.10 <0.068 <0.071 0.02 0.03 <0.0114 0.02
Ag 0.26 <0.0235 0.15 0.01 0.00 <0.0044 0.01
Cd 2.94 2.82 2.93 15.85 6.60 8.57 12.10
Sn 0.69 <0.040 6.18 0.09 0.12 0.16 0.10
Sb 1.32 <0.0152 0.52 <0.0069 0.01 0.01 <0.0068
Ba 0.09 <0.0247 0.03 0.01 0.02 0.01 0.08
La <0.00196 <0.0032 0.00 0.00 0.00 <0.00087 <0.00066
Ce <0.0023 <0.0034 0.00 0.00 0.01 <0.00121 <0.00080
Pr <0.00111 <0.0032 <0.00142 <0.00071 <0.00051 0.00 <0.00054
Nd <0.0092 <0.0135 <0.0083 <0.0043 <0.0040 <0.0036 <0.0057
Sm <0.0142 <0.0175 <0.0125 <0.0047 0.00 0.00 <0.0040
Eu <0.0044 <0.0039 0.00 <0.00120 <0.00110 <0.00156 <0.00236
Gd <0.0089 <0.0075 <0.00 <0.0034 <0.0059 <0.0083 <0.0092
Tb <0.00204 <0.00183 <0.00185 <0.00060 0.00 <0.00064 <0.00093
Dy 0.01 0.00 <0.0054 <0.00145 <0.00190 <0.0027 <0.0030
Ho <0.00106 <0.00269 <0.0022 <0.00064 <0.00097 <0.00097 <0.00099
Er <0.0089 <0.0049 <0.0050 <0.0033 <0.0046 <0.0044 <0.0035
Tm <0.00100 0.00 <0.00128 <0.00080 <0.00074 0.00 0.00
Yb <0.0110 <0.0066 <0.0094 <0.0059 <0.0072 <0.0102 <0.0060
Lu <0.00183 <0.00244 0.00 <0.00085 <0.00071 <0.00112 <0.00080
W <0.0101 0.01 0.01 0.00 <0.0029 <0.0065 0.01
Pb206 357.02 2.08 4.90 2.86 0.31 0.04 0.10
Pb207 422.93 2.54 4.07 3.24 0.34 0.08 0.24
Pb208 400.36 2.28 3.62 3.17 0.34 0.06 0.08
Bi 0.36 0.03 0.00 0.02 0.01 0.00 0.01
Th 0.00 <0.00161 <0.0016 0.00 <0.00 0.00 0.00
Table A5. (Cont.) O'Brien et al.
APPENDIX E 735
Deposit Flying Doc. Flying Doc. Flying Doc. Flying Doc. Flying Doc. Flying Doc. Flying Doc.
Sample 079-5-2 079-6-2 079-7-2 095-1-1 095-2-1 095-2-2 095-2-3
Li 4.20 4.11 3.75 2.44 2.42 2.45 2.79
Be 5.09 4.69 4.65 4.59 6.37 5.53 5.48
B 0.22 0.27 0.26 0.65 0.86 <0.29 <0.35
Mg 5790.00 5317.24 5958.62 6937.17 7307.96 9053.89 10500.09
Al 298229.72 299182.41 299129.47 296380.19 296486.03 296486.03 296486.06
Si 23.99 130.16 62.66 310.51 510.81 120.79 312.18
S <0.00 <0.00 <0.00 <0.00 <0.00 <0.00 <0.00
K 0.59 34.23 2.58 47.40 153.39 15.98 92.75
Sc 0.03 0.04 0.03 0.94 0.78 0.57 1.03
Ti 2.17 2.36 1.92 81.17 64.92 68.41 86.48
V 69.14 65.27 89.75 112.98 110.04 123.96 117.42
Cr 41.61 37.47 72.27 57.64 167.60 478.36 161.46
Mn 301.98 280.19 359.45 868.98 1033.96 1452.82 1913.50
Fe 71612.54 70013.62 68975.48 107855.41 102043.27 123032.84 128091.71
Co 114.12 115.26 103.39 32.17 29.69 31.74 31.09
Ni 1.60 1.90 1.18 5.30 5.07 5.59 5.94
Cu 0.25 0.14 0.13 0.81 0.50 0.24 0.18
Zn 189204.72 197836.17 202096.58 169013.17 186607.44 169376.33 157585.41
Ga 168.80 176.13 160.74 146.61 133.30 127.80 123.22
Ge 0.12 0.18 0.09 0.26 0.16 0.26 <0.102
As 0.05 0.04 <0.027 <0.047 0.08 <0.048 0.04
Rb <0.00257 0.30 0.04 0.60 0.78 0.08 0.55
Sr 0.00 0.02 0.00 <0.0028 0.03 0.01 0.06
Y 0.00 0.00 <0.00172 <0.00269 0.00 <0.00170 <0.0031
Mo 0.03 0.02 0.01 0.08 0.03 0.10 0.09
Ag <0.0035 0.00 <0.0040 0.01 <0.0070 <0.0066 0.01
Cd 9.26 8.89 8.07 7.46 2.57 3.26 3.16
Sn 0.09 0.08 0.09 1.45 0.08 0.12 0.19
Sb <0.00 <0.0061 <0.00223 <0.0165 0.09 0.04 <0.0121
Ba <0.0069 0.34 0.01 0.10 1.79 0.14 1.51
La 0.00 0.00 <0.00068 <0.0023 <0.00218 0.00 0.00
Ce 0.00 0.00 <0.00077 <0.00181 <0.00124 <0.00 <0.00179
Pr <0.00086 0.00 <0.00065 <0.00262 <0.00219 <0.00096 0.00
Nd <0.0057 <0.0032 <0.0034 <0.0080 <0.0147 <0.0109 <0.0091
Sm <0.00190 <0.0045 0.01 <0.0079 <0.0054 <0.0173 0.01
Eu <0.00079 <0.00150 0.00 <0.0047 <0.00159 <0.0029 <0.0050
Gd <0.0048 0.01 <0.0049 <0.0130 <0.016 <0.0138 <0.0133
Tb <0.00056 0.00 <0.00093 <0.00202 <0.00211 <0.00222 <0.0035
Dy <0.0037 <0.0035 <0.0036 <0.0086 0.01 <0.0063 0.00
Ho 0.00 <0.00080 <0.00065 <0.00238 0.01 <0.00198 <0.00252
Er <0.00191 0.00 0.00 <0.0070 <0.0117 <0.0063 0.01
Tm <0.00071 0.00 <0.00063 <0.00151 0.00 <0.00175 <0.00141
Yb <0.0036 <0.0038 0.01 <0.0096 <0.0092 <0.0086 0.01
Lu <0.00044 0.00 <0.00068 <0.00249 <0.00272 <0.00207 <0.00152
W 0.00 0.01 <0.0051 <0.0109 0.02 <0.0119 <0.0138
Pb206 3.99 0.78 0.10 0.20 0.35 0.27 0.26
Pb207 4.68 0.68 0.10 0.24 0.65 0.38 0.30
Pb208 4.35 0.67 0.13 0.24 0.38 0.36 0.28
Bi 0.02 0.01 0.00 <0.0052 <0.0039 <0.0067 <0.0055
Th 0.00 0.00 0.00 <0.0037 <0.0036 <0.00191 <0.0024
Table A5. (Cont.) O'Brien et al.
APPENDIX E 736
Deposit Flying Doc. Flying Doc. Flying Doc. Flying Doc. Flying Doc. Flying Doc. Flying Doc.
Sample 095-5-2 095-6-1 095-6-2 095-7-1 095-7-2 096-1-1 096-1-2
Li 2.66 2.50 2.32 2.41 2.10 5.61 4.19
Be 6.62 5.87 5.64 5.56 7.46 10.74 9.06
B <0.35 <0.37 <0.25 <0.38 <0.34 0.67 <0.33
Mg 9884.74 10886.62 10519.53 9030.12 7787.06 7338.99 7226.19
Al 299873.25 298020.88 298020.84 298708.88 298708.88 296380.22 296380.22
Si 243.24 44.09 23.87 <24.32 102.05 65.53 <17.22
S <0.00 <0.00 <0.00 <0.00 <0.00 <0.00 <0.00
K 58.98 <0.52 <0.34 <0.55 16.75 <0.39 <0.37
Sc 0.79 1.05 0.73 0.76 0.58 1.94 1.93
Ti 64.80 91.04 113.83 61.69 61.80 123.53 125.21
V 100.84 103.48 104.77 108.14 109.81 46.13 48.90
Cr 193.99 136.20 121.04 47.96 14.69 <0.195 <0.201
Mn 1619.69 2194.79 1942.97 1674.45 783.74 2112.59 1972.20
Fe 126062.83 131548.38 133587.58 117073.17 107579.88 138018.20 139928.94
Co 32.26 32.20 31.20 32.09 30.61 58.89 58.41
Ni 6.40 6.76 5.85 6.19 5.63 6.75 6.50
Cu 2.33 0.12 0.14 1.73 4.07 0.30 0.44
Zn 156790.56 167217.80 163105.14 151374.17 175767.84 166502.53 162497.27
Ga 119.78 124.75 112.93 115.31 131.65 147.76 137.16
Ge 0.32 <0.153 0.27 0.25 0.34 0.21 0.29
As 0.10 <0.055 <0.038 0.24 0.20 <0.049 <0.035
Rb 0.31 <0.0068 <0.0051 0.03 0.22 <0.0043 <0.0049
Sr 0.47 0.00 <0.00153 0.01 0.04 0.00 0.00
Y 0.03 0.00 0.00 <0.0046 0.01 <0.00106 0.00
Mo 0.08 0.07 0.15 0.07 0.06 0.13 0.13
Ag 0.01 <0.0108 <0.0064 0.02 <0.0055 0.01 <0.0073
Cd 5.14 3.54 2.27 5.87 5.62 3.14 2.52
Sn 0.18 0.18 0.17 0.19 0.17 0.14 0.53
Sb 0.03 <0.0116 0.01 0.03 0.11 <0.0043 <0.0086
Ba 1.02 <0.00 <0.0121 <0.026 0.05 <0.0140 <0.0115
La 0.14 <0.00170 <0.00071 <0.00167 <0.0023 <0.00 0.00
Ce 0.45 <0.00206 <0.00140 0.00 0.01 <0.00099 <0.00067
Pr 0.03 <0.00198 <0.00083 <0.00097 0.00 <0.00102 <0.00125
Nd 0.06 <0.0104 <0.0050 0.02 <0.0086 <0.0036 <0.0102
Sm <0.0161 <0.0145 <0.0121 <0.0123 0.01 <0.0150 <0.0058
Eu <0.0044 <0.0037 <0.0038 <0.0021 0.00 <0.0053 <0.0036
Gd 0.04 <0.0107 <0.0078 0.01 <0.0153 <0.0129 <0.0097
Tb 0.00 <0.00241 <0.00192 <0.00259 <0.0032 <0.00217 <0.00125
Dy <0.0083 <0.0080 <0.0054 <0.0090 0.01 0.01 <0.0046
Ho <0.0024 <0.0031 <0.00183 <0.0030 <0.0019 <0.00233 <0.00177
Er 0.00 <0.0129 <0.0054 0.02 <0.0084 <0.0095 <0.0095
Tm <0.0021 <0.0030 <0.00150 <0.0037 0.00 <0.00167 <0.00195
Yb <0.0113 <0.0191 <0.0060 <0.0123 <0.0136 <0.0074 <0.0082
Lu <0.0027 <0.0030 <0.00162 <0.0027 0.00 <0.00179 <0.00139
W 0.04 0.01 0.01 <0.0171 <0.0088 0.01 0.01
Pb206 45.47 0.09 0.24 0.66 5.61 0.06 3.45
Pb207 53.09 0.08 0.31 0.80 6.64 0.12 3.75
Pb208 52.60 0.10 0.29 0.66 6.46 0.04 4.36
Bi <0.0078 <0.0059 0.01 0.01 0.01 <0.0052 <0.0039
Th 0.04 <0.0035 0.00 0.01 0.02 0.00 <0.00112
Table A5. (Cont.) O'Brien et al.
APPENDIX E 737
Deposit Flying Doc. Flying Doc. Flying Doc. Flying Doc. Flying Doc. Flying Doc. Flying Doc.
Sample 096-1-3 096-2-1 096-2-2 099-1-1 099-2-1 099-3-1 099-3-2
Li 4.91 5.47 4.55 6.22 2.60 2.63 7.49
Be 9.73 9.24 8.68 6.33 6.02 6.41 6.69
B 0.74 0.46 0.44 <0.171 <0.194 <0.20 <0.154
Mg 7139.00 6452.89 4625.54 10133.66 6473.46 5934.03 8526.82
Al 296380.22 301990.28 301990.28 299396.94 297862.13 299873.28 299873.28
Si 38.14 52.21 82.67 116.64 99.02 125.04 38.61
S <0.00 <0.00 <0.00 <0.00 <0.00 <0.00 <0.00
K <0.195 <0.44 6.17 <0.23 5.49 37.11 4.13
Sc 1.99 2.32 2.17 1.31 1.74 0.90 1.44
Ti 122.08 130.20 122.60 57.85 79.03 44.62 74.90
V 45.11 41.55 51.74 116.04 126.11 128.60 136.13
Cr 0.17 <0.249 <0.205 <0.122 3.03 4.71 1.44
Mn 1941.76 1634.09 1072.50 2075.48 1053.61 1221.63 2091.13
Fe 129633.27 128359.65 124124.46 122183.30 119033.49 104457.86 121029.63
Co 54.84 57.78 59.85 23.75 23.08 18.92 22.12
Ni 5.80 5.98 6.02 3.61 3.30 3.45 3.06
Cu 0.22 0.14 0.18 0.12 6.60 6.99 0.14
Zn 155941.44 156400.66 182195.08 169810.70 181064.63 139757.69 158537.27
Ga 140.29 169.30 176.98 263.91 263.71 258.03 245.57
Ge 0.16 0.30 0.18 0.15 0.17 0.34 0.20
As <0.0246 <0.052 0.09 0.04 <0.025 0.03 <0.0187
Rb <0.00232 0.00 0.03 0.01 0.06 0.53 0.04
Sr <0.00090 0.00 <0.00181 <0.0029 0.01 <0.00108 0.01
Y <0.00102 <0.00260 0.00 <0.00125 0.01 0.00 <0.00121
Mo 0.12 0.08 0.09 0.15 0.05 0.04 0.08
Ag 0.00 <0.0067 <0.0060 <0.0040 0.41 0.04 0.01
Cd 2.52 6.33 5.94 2.37 2.60 6.12 2.00
Sn 0.11 0.15 0.16 0.30 0.15 0.16 0.11
Sb 0.00 <0.0134 0.01 <0.0048 0.03 0.04 <0.0040
Ba <0.0058 <0.0149 <0.0117 0.05 0.02 0.12 0.04
La <0.00060 <0.00153 <0.00098 <0.00107 0.01 0.00 0.00
Ce 0.00 <0.00172 <0.00202 <0.00117 0.01 <0.00111 <0.00073
Pr <0.00057 <0.00125 <0.00170 <0.00054 0.00 <0.00102 <0.00061
Nd <0.0046 <0.0044 <0.0098 <0.0060 <0.0052 <0.0051 <0.0037
Sm <0.0069 <0.0076 <0.0059 0.01 <0.0079 0.01 <0.0050
Eu <0.00204 0.00 <0.0030 0.00 0.00 <0.0030 <0.00179
Gd <0.0058 <0.0097 <0.0108 <0.0080 <0.0079 <0.0056 <0.0042
Tb <0.00089 <0.00228 <0.00141 <0.00120 <0.00095 <0.00131 <0.00081
Dy <0.0027 <0.0059 <0.0060 <0.0046 <0.0043 <0.0034 <0.0034
Ho <0.00076 <0.00150 <0.00179 0.00 0.00 <0.00141 <0.00087
Er <0.0053 0.01 <0.0086 0.00 0.00 <0.0063 <0.0030
Tm <0.00104 <0.00206 0.00 <0.00114 <0.00099 0.00 <0.00078
Yb <0.0041 <0.0053 <0.0110 <0.0056 <0.0070 <0.0081 <0.0060
Lu <0.00061 <0.00180 <0.00173 <0.00109 <0.00106 0.00 <0.00059
W 0.00 <0.0117 <0.0082 <0.0050 0.01 0.03 0.01
Pb206 0.67 0.10 0.51 0.05 0.67 0.42 0.06
Pb207 0.60 0.26 0.54 0.07 0.81 0.58 0.06
Pb208 0.62 0.20 0.87 0.05 0.82 0.39 0.06
Bi 0.00 <0.0058 <0.0041 <0.0036 <0.00233 0.01 <0.00209
Th <0.00160 0.00 0.00 <0.00151 <0.00157 <0.0025 <0.00145
Table A5. (Cont.) O'Brien et al.
APPENDIX E 738
Deposit Flying Doc. Flying Doc. Flying Doc. Flying Doc. Flying Doc. Flying Doc. Flying Doc.
Sample 099-4-1 099-4-2 100-4-1 100-5-1 100-5-3 100-6-1 100-6-2
Li 8.12 3.81 2.66 1.79 2.80 2.24 2.50
Be 6.90 6.69 2.14 1.87 1.79 2.02 2.38
B 0.19 0.50 0.54 <0.39 <0.36 0.40 <0.40
Mg 10001.50 5873.09 6610.10 5492.82 6778.49 8255.40 7421.50
Al 298338.44 298338.44 293733.91 293733.91 293733.91 293733.91 293733.94
Si 33.66 728.41 101.92 461.01 745.28 284.20 112.77
S <0.00 <0.00 <0.00 <0.00 <0.00 <0.00 <0.00
K <0.203 13.57 5.81 166.29 201.71 17.19 2.46
Sc 2.35 0.76 1.01 0.76 0.85 0.68 1.35
Ti 95.52 54.08 74.99 77.03 74.07 68.08 97.76
V 117.51 121.84 78.49 64.98 66.04 81.49 74.57
Cr 8.80 24.29 42.63 7.31 1.76 34.75 18.98
Mn 2242.75 778.72 2457.61 1638.10 2635.24 2661.89 2158.60
Fe 122598.30 110686.65 132801.05 107016.31 120144.53 144264.88 138910.08
Co 22.48 20.15 58.02 50.39 52.30 58.92 61.60
Ni 3.14 2.95 5.43 5.16 4.86 5.79 5.83
Cu 0.23 27.83 0.11 0.10 0.24 1.52 0.11
Zn 161859.94 199036.14 172950.95 189706.17 176462.23 129719.41 150009.27
Ga 260.20 240.94 158.53 160.76 149.55 137.19 152.34
Ge 0.14 0.27 0.31 0.29 0.33 0.38 0.23
As 0.05 0.04 <0.094 <0.084 <0.066 <0.104 <0.068
Rb 0.01 0.16 0.06 2.15 2.25 0.30 0.04
Sr 0.00 0.03 <0.0027 0.02 0.05 0.04 0.02
Y 0.00 0.01 0.01 0.02 0.02 0.03 0.02
Mo 0.12 0.08 0.13 0.08 0.12 0.21 0.14
Ag <0.0042 0.58 <0.0059 <0.0114 0.20 0.05 0.01
Cd 2.42 2.91 4.54 6.16 5.35 3.20 4.38
Sn 0.14 0.92 0.16 0.20 0.45 0.24 0.14
Sb <0.0035 0.20 0.08 <0.0143 2.10 0.38 0.06
Ba <0.0058 0.04 0.03 0.56 1.19 0.14 0.04
La <0.00060 0.00 <0.0029 0.00 0.00 <0.0032 0.00
Ce <0.00067 0.01 <0.00225 0.01 0.00 0.01 0.01
Pr <0.00069 <0.00074 0.00 <0.0027 <0.00193 <0.00189 <0.00123
Nd <0.0055 <0.0048 <0.0090 <0.0115 0.01 <0.0115 0.01
Sm <0.0059 0.00 <0.0141 <0.0165 <0.0171 <0.0099 <0.0074
Eu <0.00213 <0.00136 0.00 <0.0032 <0.0032 <0.0029 <0.0031
Gd <0.0058 <0.0048 <0.0145 0.02 <0.0175 <0.0216 <0.0143
Tb <0.00070 <0.00062 <0.00264 <0.00277 <0.00211 <0.00180 <0.00174
Dy 0.00 0.01 <0.0110 <0.0067 0.01 <0.0097 0.01
Ho <0.00048 0.00 <0.00172 0.00 0.00 <0.0027 <0.0022
Er <0.0051 <0.0034 0.01 <0.0118 <0.0110 <0.0159 <0.0136
Tm <0.00087 <0.00092 <0.00217 <0.00136 <0.00220 <0.00153 <0.00214
Yb <0.0051 0.00 <0.0200 <0.0188 <0.0145 <0.0133 0.01
Lu <0.00100 <0.00139 <0.0031 0.00 <0.00124 <0.0023 <0.00256
W <0.0054 0.01 0.02 0.07 0.10 0.89 <0.0106
Pb206 0.08 1.82 0.25 0.45 7.03 2.95 0.68
Pb207 0.14 2.16 0.23 0.48 7.58 2.88 0.91
Pb208 0.11 2.08 0.22 0.49 7.44 2.68 0.87
Bi 0.00 0.01 <0.0066 0.01 <0.0036 <0.0048 <0.0050
Th <0.00113 0.00 0.00 <0.0029 0.00 <0.0050 <0.0024
Table A5. (Cont.) O'Brien et al.
APPENDIX E 739
Deposit Globe Globe Globe Globe Globe Globe Globe
Sample 061-2-1 061-3-1 061-3-2 063-4-1 063-7-1 063-7-2 065-1-1
Li 2.66 2.50 2.21 2.08 2.56 4.07 7.83
Be 6.70 5.26 5.79 6.22 6.30 6.45 6.03
B <0.34 <0.47 <0.30 0.60 <0.205 <0.181 1.87
Mg 9080.56 7327.96 8735.34 6791.24 7310.86 7449.22 9415.46
Al 298761.81 298761.81 298761.81 295692.13 297544.56 297544.56 303789.91
Si 51.76 161.11 48.87 130.54 70.36 73.09 130.88
S <0.00 <0.00 <0.00 <0.00 <0.00 <0.00 <0.00
K <0.51 13.59 <0.42 7.64 <0.27 0.66 11.32
Sc 2.06 1.93 1.42 1.05 2.63 1.52 1.12
Ti 59.44 60.36 53.50 90.39 352.31 75.14 47.04
V 92.16 90.93 93.50 79.62 77.67 81.68 119.04
Cr 18.44 1.34 0.59 0.54 2.32 1.70 52.46
Mn 2706.90 2049.28 2166.31 3052.92 3833.90 3704.44 2093.17
Fe 118595.74 108113.38 116295.60 111820.06 121171.12 123477.93 112874.13
Co 56.57 54.07 55.11 36.65 36.95 38.11 37.78
Ni 8.36 8.16 8.41 5.52 5.79 5.68 15.47
Cu 0.20 0.81 0.24 0.17 0.15 0.24 2.10
Zn 195789.09 203101.86 185349.00 176210.86 165445.09 165431.41 88773.01
Ga 80.02 76.67 71.49 103.09 107.24 106.67 67.61
Ge <0.131 0.28 0.26 0.24 <0.081 0.19 0.41
As 0.06 <0.064 <0.051 0.05 <0.033 <0.028 0.36
Rb <0.0063 0.09 <0.0047 0.08 0.00 0.00 0.04
Sr 0.01 0.01 <0.00 0.00 <0.00111 0.00 1.24
Y 0.00 0.02 <0.0025 0.01 0.00 0.00 0.03
Mo 0.12 0.15 0.12 0.16 0.22 0.23 0.14
Ag <0.0054 0.02 <0.0045 0.01 0.01 <0.00236 <0.0096
Cd 2.90 2.80 2.20 9.66 3.71 3.18 4.16
Sn 0.17 0.17 0.13 0.18 0.21 0.22 0.71
Sb <0.0101 0.06 0.01 0.08 0.01 0.01 0.02
Ba <0.0203 <0.023 <0.0218 0.01 <0.0070 <0.0059 0.16
La <0.0027 0.00 <0.00187 0.00 <0.00099 <0.00090 0.05
Ce <0.00186 0.00 <0.00170 0.00 0.00 0.00 0.10
Pr 0.00 <0.0025 <0.00166 <0.00115 0.00 <0.00056 0.02
Nd <0.0135 <0.0118 0.01 <0.0064 <0.0034 <0.0033 0.02
Sm <0.0115 <0.0090 <0.0136 <0.0055 <0.0050 <0.0048 <0.0119
Eu <0.0035 <0.0047 <0.0029 <0.0031 0.00 <0.00145 <0.0040
Gd <0.0130 <0.0114 <0.0140 <0.0080 <0.0072 <0.0029 <0.015
Tb <0.00186 <0.00188 <0.00179 <0.00149 <0.00095 <0.00077 <0.00163
Dy <0.0117 <0.0057 <0.0054 <0.0065 <0.0040 0.00 <0.0052
Ho <0.0020 <0.0025 <0.00181 <0.00180 <0.00090 <0.00070 <0.00281
Er 0.01 <0.0080 <0.0107 <0.0064 <0.0046 <0.0040 <0.0116
Tm <0.0025 <0.0020 <0.00188 <0.00109 <0.00044 <0.00053 <0.00171
Yb <0.0072 <0.0167 <0.0128 <0.0098 <0.0084 <0.0070 <0.0142
Lu <0.00171 <0.0024 <0.00189 <0.00157 0.00 <0.00079 <0.00183
W 0.01 <0.0061 <0.0091 0.02 0.03 0.01 <0.012
Pb206 0.16 12.49 0.30 0.50 0.12 0.07 0.22
Pb207 0.15 14.09 0.31 0.52 0.12 0.05 0.68
Pb208 0.11 13.67 0.35 0.51 0.10 0.07 0.32
Bi <0.0063 <0.0040 <0.0033 0.01 0.00 <0.00205 0.03
Th <0.0038 0.01 <0.0032 <0.00281 <0.00151 <0.00156 <0.0040
Table A5. (Cont.) O'Brien et al.
APPENDIX E 740
Deposit Globe Globe Globe Globe Globe Globe Globe
Sample 065-1-2 065-1-3 065-1-4 065-2-1 065-2-2 065-3-1 065-3-2
Li 6.88 6.43 7.02 6.16 5.69 5.87 4.60
Be 4.39 4.70 4.15 3.33 4.17 3.91 3.74
B 0.31 0.55 0.26 <0.31 0.65 0.63 0.50
Mg 10834.05 10618.87 11276.34 9225.38 8815.12 9548.32 9682.55
Al 303789.91 303790.00 303790.06 300879.28 300879.34 298603.63 298603.72
Si 64.43 62.52 43.65 69.88 29.51 30.36 63.05
S <0.00 <0.00 <0.00 <0.00 <0.00 <0.00 <0.00
K 0.54 <0.27 0.78 <0.43 <0.37 <0.41 1.02
Sc 1.09 1.05 0.95 0.85 0.81 0.93 1.02
Ti 77.66 72.54 82.05 60.38 66.77 60.10 58.82
V 145.24 143.79 150.77 157.75 165.77 152.88 147.73
Cr 41.54 103.64 46.88 108.30 102.22 89.91 187.83
Mn 2728.06 2664.80 2714.04 2071.73 1849.19 1994.40 2200.76
Fe 145651.64 140210.61 140408.98 127966.70 125104.88 130715.36 139008.36
Co 60.66 50.28 49.78 56.51 55.56 57.92 55.65
Ni 20.58 20.60 20.00 22.10 20.96 22.35 21.89
Cu 0.25 0.30 0.34 0.22 0.13 0.20 0.19
Zn 150429.41 142396.30 143944.56 156507.19 157572.89 175305.89 161628.48
Ga 111.57 102.83 99.85 102.13 98.40 107.06 104.18
Ge 0.25 0.20 0.19 0.15 0.12 0.25 0.15
As 0.06 0.09 <0.036 0.09 0.08 <0.060 0.05
Rb 0.00 0.00 <0.00212 <0.0050 <0.0039 <0.0038 <0.0037
Sr 0.00 0.00 0.01 <0.00143 0.00 0.01 0.01
Y <0.00096 0.00 <0.00115 0.00 0.00 <0.00201 0.00
Mo 0.15 0.13 0.16 0.12 0.10 0.10 0.15
Ag <0.0058 <0.0032 <0.0037 <0.0043 0.01 <0.0055 <0.0057
Cd 8.11 5.95 4.84 8.15 7.78 7.19 5.10
Sn 0.37 0.29 0.26 0.39 0.27 0.31 0.33
Sb <0.0077 <0.0046 <0.0041 <0.0094 <0.0090 <0.0091 <0.0073
Ba <0.0080 <0.0104 0.01 0.01 <0.0119 <0.0175 <0.0083
La 0.00 <0.00113 0.00 <0.00130 <0.00120 <0.00124 <0.00185
Ce <0.00081 0.00 <0.00079 <0.00173 0.00 0.00 0.01
Pr 0.00 <0.00036 0.00 <0.00109 0.00 <0.00137 0.00
Nd <0.0046 <0.00 <0.0036 <0.0056 <0.0052 <0.0076 <0.0077
Sm <0.0090 <0.0052 0.00 <0.0118 <0.0081 <0.0053 <0.0079
Eu <0.00170 <0.00135 <0.00165 <0.0031 0.00 0.00 0.00
Gd <0.0058 <0.0060 <0.0035 <0.0151 <0.0083 <0.0077 <0.0081
Tb <0.00083 0.00 <0.00057 <0.00115 <0.00053 <0.00146 <0.00116
Dy <0.0058 <0.0039 0.00 <0.0055 <0.0039 <0.0081 <0.0062
Ho <0.00118 <0.00071 <0.00097 <0.00088 <0.00099 <0.00177 <0.00136
Er <0.0057 <0.0037 <0.0039 0.01 <0.0077 <0.0060 <0.0097
Tm <0.00106 <0.00080 <0.00085 <0.00191 0.00 0.00 0.00
Yb <0.0055 <0.0067 <0.0042 <0.0094 0.01 <0.0104 <0.0060
Lu <0.00140 <0.00074 <0.00101 0.00 <0.00119 0.00 0.00
W <0.0070 <0.0048 <0.0041 0.01 <0.0034 <0.0050 <0.0047
Pb206 0.05 0.13 0.73 0.07 0.10 0.04 1.06
Pb207 0.02 0.13 0.80 0.07 0.11 0.38 1.16
Pb208 0.05 0.16 0.74 0.04 0.14 0.06 1.19
Bi <0.0034 0.01 0.00 0.01 0.01 <0.0051 0.01
Th 0.00 <0.00072 <0.00132 <0.0027 <0.00200 <0.00207 <0.00169
Table A5. (Cont.) O'Brien et al.
APPENDIX E 741
Deposit Globe Globe Globe Globe Globe Globe Globe
Sample 065-4-1 065-6-1 065-6-2 065-7-1 065-7-2 066-1-1 066-2-1
Li 5.54 3.74 6.32 3.45 2.96 3.09 2.52
Be 4.26 5.11 4.37 5.22 5.03 5.91 6.12
B <0.32 0.64 0.23 <0.213 0.20 1.10 0.39
Mg 9188.58 8841.42 10127.15 9356.36 8763.39 7949.92 9332.73
Al 300932.56 300350.56 300350.66 301885.56 301885.72 298970.41 300346.47
Si 42.97 43.20 62.90 48.94 52.84 520.10 47.48
S <0.00 <0.00 <0.00 <0.00 <0.00 <0.00 <0.00
K <0.45 0.70 2.38 <0.26 2.31 35.42 <0.42
Sc 1.03 0.96 1.12 1.06 0.92 0.93 1.11
Ti 49.00 44.60 62.98 48.03 51.44 38.92 52.93
V 154.99 135.58 134.55 183.02 192.30 166.55 125.18
Cr 63.03 92.54 158.36 123.68 56.53 203.83 56.50
Mn 1883.75 1788.82 2371.58 2075.85 1873.89 2992.33 2752.50
Fe 125531.50 119114.67 130625.34 124948.38 119041.98 133817.47 123501.22
Co 57.19 56.69 52.49 55.45 55.01 74.64 63.68
Ni 22.02 20.07 19.66 19.73 19.67 11.08 10.15
Cu 0.15 0.16 0.35 0.16 0.18 0.56 0.76
Zn 171137.45 177449.89 166379.64 172086.11 177581.41 194528.03 201023.30
Ga 103.10 97.42 100.98 105.63 97.79 91.19 93.21
Ge 0.30 0.14 0.26 0.16 0.16 0.21 0.18
As 0.07 0.14 <0.032 0.05 <0.034 1.67 <0.047
Rb <0.0052 <0.0044 0.01 <0.0034 <0.0028 0.29 <0.0052
Sr 0.00 <0.00165 0.00 0.00 0.00 0.10 <0.0028
Y 0.00 0.01 0.00 0.00 0.01 0.17 <0.00211
Mo 0.13 0.12 0.17 0.14 0.08 0.18 0.19
Ag 0.01 <0.0053 0.01 <0.0039 0.01 1.28 <0.0110
Cd 8.21 8.20 3.87 4.21 4.24 2.77 3.40
Sn 0.31 0.25 0.23 0.24 0.19 0.24 0.13
Sb <0.0098 <0.0109 0.04 <0.0072 0.01 1.09 <0.0076
Ba <0.0101 <0.0169 0.02 0.01 <0.0108 0.61 0.03
La <0.00160 <0.00272 <0.00080 <0.00094 <0.00116 0.01 <0.00224
Ce 0.00 <0.00215 0.00 <0.00134 <0.00140 0.02 <0.00143
Pr <0.00159 <0.00167 <0.00083 <0.00093 <0.00082 0.00 <0.00157
Nd 0.01 <0.0065 0.00 0.01 <0.0049 <0.0111 0.01
Sm <0.0097 <0.0144 <0.0049 <0.0067 <0.0046 <0.0154 <0.0089
Eu <0.0026 <0.0036 <0.00192 <0.00170 <0.00137 <0.0023 <0.0040
Gd <0.0118 <0.0124 <0.0050 <0.0037 <0.0061 <0.0170 <0.0119
Tb <0.00142 <0.00177 <0.00123 <0.00134 <0.00055 0.00 <0.00153
Dy <0.0076 <0.0064 <0.00214 <0.0032 <0.0041 0.02 <0.0092
Ho <0.00136 <0.00175 0.00 0.00 0.00 0.01 <0.00185
Er <0.0092 <0.0065 <0.0034 <0.0044 <0.0042 0.02 <0.0053
Tm 0.00 <0.00121 <0.00140 <0.00117 <0.00115 0.00 <0.00227
Yb <0.0120 <0.0118 <0.0063 <0.0070 <0.0058 0.07 <0.0102
Lu 0.00 <0.00166 <0.00105 <0.00102 0.00 0.01 <0.00211
W <0.0124 <0.0107 0.00 <0.0060 0.01 0.09 0.01
Pb206 0.04 1.16 0.93 0.14 0.22 24.50 0.08
Pb207 0.03 1.27 0.92 0.14 0.37 31.06 0.18
Pb208 0.05 1.34 1.01 0.13 0.31 28.05 0.08
Bi <0.0059 0.01 <0.0034 0.01 <0.0031 0.01 0.01
Th <0.0040 <0.0031 <0.00189 <0.00121 <0.00073 0.02 <0.0029
Table A5. (Cont.) O'Brien et al.
APPENDIX E 742
Deposit Globe Globe Globe Globe Globe Globe H. George
Sample 066-3-1 066-4-1 066-5-1 066-6-1 066-6-2 066-7-1 018-1-1
Li 3.00 2.66 2.21 1.78 2.30 2.73 6.81
Be 6.61 6.52 7.35 7.99 8.29 8.30 4.94
B <0.32 <0.32 <0.40 <0.39 <0.41 <0.43 <1.33
Mg 10030.84 7025.88 7153.97 5833.03 6945.85 6981.90 15322.86
Al 299023.41 298176.59 296906.47 298494.28 298494.22 297224.09 303366.38
Si 191.58 47.45 83.34 448.69 139.89 66.37 143.01
S <0.00 <0.00 <0.00 <0.00 <0.00 <0.00 <0.00
K 7.45 1.56 <0.44 150.87 30.67 1.12 <1.82
Sc 0.85 1.04 0.66 0.58 0.60 0.50 0.25
Ti 30.25 26.15 15.92 32.71 41.93 17.74 55.87
V 121.17 105.52 131.95 113.93 113.53 123.16 76.48
Cr 141.20 58.09 42.19 54.65 70.93 176.77 1.40
Mn 2276.80 2352.62 1578.96 1163.66 1915.75 2038.04 750.04
Fe 122113.98 95216.26 98183.01 96024.54 104144.69 94384.59 160114.56
Co 69.13 57.41 57.29 52.46 51.45 56.48 116.39
Ni 9.76 7.84 7.39 7.28 7.39 8.53 104.99
Cu 0.22 0.18 <0.068 0.35 0.26 0.38 6.20
Zn 200673.11 200369.89 226380.02 198909.08 177564.39 219644.97 170528.58
Ga 83.73 91.64 99.60 101.45 86.56 102.70 221.54
Ge 0.13 <0.101 0.34 0.27 0.47 <0.107 0.40
As 0.14 <0.045 0.07 <0.068 <0.053 <0.049 <0.214
Rb 0.06 <0.0053 <0.0059 1.34 0.30 <0.0065 0.02
Sr 0.02 0.00 0.00 0.06 0.02 0.02 0.01
Y 0.37 0.01 0.00 0.00 0.02 0.00 <0.0048
Mo 0.16 0.07 0.06 0.07 0.13 0.05 <0.053
Ag 0.01 <0.0037 0.01 <0.0072 <0.0042 0.02 <0.0134
Cd 2.53 5.40 5.74 7.33 6.04 6.82 1.47
Sn 0.11 0.13 0.19 0.13 0.16 0.20 <0.030
Sb 0.08 0.17 <0.0129 0.03 0.16 0.12 0.01
Ba 0.30 <0.0073 <0.0239 1.01 0.50 0.02 <0.0135
La 0.02 <0.0021 <0.00175 <0.00148 0.00 <0.00199 <0.00135
Ce 0.09 0.01 <0.0019 <0.0027 0.01 <0.00232 0.00
Pr 0.01 0.00 <0.00145 <0.00229 0.00 <0.00164 <0.00231
Nd 0.05 <0.0066 <0.0088 0.01 <0.0132 <0.0076 0.01
Sm <0.0119 <0.0138 <0.0106 <0.0180 <0.0130 <0.0079 <0.0169
Eu <0.0031 0.00 <0.0027 <0.0050 <0.0039 0.00 <0.0041
Gd 0.04 <0.0151 <0.0135 <0.0219 <0.0123 <0.0106 <0.0136
Tb 0.01 <0.00137 <0.00194 <0.00190 <0.00210 <0.00152 <0.00128
Dy 0.06 <0.0082 <0.0089 0.01 0.01 <0.0071 <0.0075
Ho 0.01 <0.00246 <0.00226 0.00 0.00 <0.00127 <0.00153
Er 0.05 <0.0100 <0.0067 <0.0146 <0.0122 <0.0105 <0.0034
Tm 0.01 0.00 <0.00186 <0.0024 0.00 <0.00237 <0.00178
Yb 0.02 <0.0129 <0.0129 <0.0141 0.03 0.01 <0.0092
Lu 0.01 <0.0026 <0.0020 <0.00239 0.00 0.00 <0.00154
W <0.0112 0.01 0.02 0.04 0.07 0.02 0.01
Pb206 1.52 0.26 1.15 2.09 1.61 6.90 0.15
Pb207 1.66 0.34 1.26 2.57 1.95 8.18 0.14
Pb208 1.63 0.33 1.23 2.19 1.76 7.86 0.15
Bi <0.0069 <0.0064 <0.0059 0.02 <0.0071 <0.0075 <0.0041
Th 0.00 <0.0034 <0.0056 0.00 0.01 <0.00183 0.00
Table A5. (Cont.) O'Brien et al.
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Deposit H. George H. George H. George H. George H. George H. George H. George
Sample 018-1-2 018-1-3 018-3-1 018-3-2 018-4-1 018-4-2 018-5-1
Li 6.68 6.40 7.42 5.38 8.05 7.08 7.05
Be 3.67 5.28 3.25 3.88 3.06 3.27 4.59
B <1.05 <1.16 <1.21 1.07 <1.43 <0.98 <1.10
Mg 14386.88 14390.99 11398.20 11739.27 12068.27 11871.31 11241.54
Al 303366.38 303366.38 299608.72 299608.72 300296.66 300296.69 300931.81
Si 35.52 72.11 <25.66 75.54 <27.83 36.80 <22.32
S <0.00 <0.00 <0.00 <0.00 <0.00 <0.00 <0.00
K <1.54 13.22 <1.69 21.35 <1.89 <1.36 <1.49
Sc 0.14 <0.065 0.20 0.12 0.18 0.09 0.10
Ti 74.51 52.49 61.41 50.62 67.18 42.91 75.45
V 77.08 78.10 69.23 73.84 61.72 62.64 61.56
Cr 1.48 1.38 2.43 1.19 1.29 2.75 5.16
Mn 745.56 775.03 699.21 716.59 719.68 702.84 681.76
Fe 157933.02 156172.81 144734.69 145350.83 150865.34 146500.59 140175.47
Co 116.79 114.43 119.18 116.21 121.55 116.06 118.86
Ni 100.78 95.91 86.45 79.46 87.19 77.68 84.35
Cu 6.35 6.64 6.56 6.83 7.43 6.75 6.35
Zn 163878.92 161734.88 185277.91 181180.98 192977.72 177607.16 169842.41
Ga 213.63 204.23 237.04 221.90 248.95 223.90 221.73
Ge 0.39 0.55 <0.37 0.52 0.40 0.33 0.39
As 0.19 0.27 <0.188 <0.150 <0.207 <0.151 <0.155
Rb <0.0140 0.12 <0.0177 <0.0125 0.02 <0.0119 <0.0133
Sr <0.0019 0.01 0.00 0.01 <0.0035 0.01 <0.0030
Y <0.0036 0.01 <0.0032 <0.0037 <0.0043 0.00 <0.0044
Mo <0.037 0.04 <0.040 <0.037 0.05 <0.035 <0.037
Ag <0.0135 <0.0153 0.02 <0.0100 <0.0132 <0.0121 <0.0154
Cd 1.39 1.38 1.76 1.20 1.67 1.66 1.43
Sn 0.03 0.04 0.06 0.03 <0.029 0.02 0.03
Sb <0.0116 0.02 <0.0111 <0.0118 <0.0119 <0.0133 <0.0101
Ba <0.0188 0.15 <0.0086 <0.0150 0.00 0.01 <0.0145
La <0.00133 <0.00162 <0.00149 <0.00149 <0.00139 <0.00100 <0.00166
Ce <0.00075 0.00 <0.00205 <0.00145 <0.0027 <0.00153 <0.00181
Pr <0.00175 <0.00173 <0.00139 0.00 <0.00138 <0.00080 <0.00201
Nd <0.0052 <0.0039 <0.0083 0.00 <0.0082 <0.0083 <0.0080
Sm <0.0096 <0.0091 <0.0084 <0.0042 <0.0123 <0.0111 <0.0093
Eu 0.00 <0.0032 <0.0031 <0.0029 <0.0039 <0.0032 <0.0030
Gd <0.0042 0.00 <0.0147 <0.0090 <0.0106 <0.0085 <0.0127
Tb <0.00146 <0.00178 <0.00133 <0.00057 <0.00169 <0.00143 <0.00127
Dy <0.0055 <0.0052 <0.0055 <0.0034 <0.0054 <0.0050 0.00
Ho <0.00163 <0.00172 0.00 0.00 <0.00175 <0.00159 <0.00162
Er <0.0048 <0.0041 <0.0062 0.00 <0.0061 <0.0036 <0.0066
Tm <0.00130 <0.00151 <0.00196 0.00 <0.00129 <0.00075 0.00
Yb <0.0064 0.01 <0.0072 <0.0062 0.01 0.00 <0.0089
Lu 0.00 <0.00146 <0.00138 <0.00119 <0.00176 <0.00138 <0.00094
W 0.00 0.08 <0.0082 <0.0071 0.00 0.01 <0.0040
Pb206 0.08 0.36 0.06 0.07 0.06 0.07 0.19
Pb207 0.06 0.39 0.04 0.10 0.06 0.09 0.28
Pb208 0.10 0.34 0.07 0.13 0.04 0.06 0.24
Bi <0.0036 0.01 0.01 0.00 0.01 0.01 <0.0042
Th <0.00 0.00 0.00 <0.00125 <0.00233 <0.00144 <0.00098
Table A5. (Cont.) O'Brien et al.
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Deposit H. George H. George H. George H. George H. George H. George H. George
Sample 018-5-2 020-1-1 020-2-1 020-2-2 020-3-1 020-4-1 020-6-1
Li 8.51 <2.01 2.51 3.21 <1.92 <1.94 2.52
Be 4.42 0.50 0.53 0.55 0.55 0.58 1.11
B <0.83 <1.53 <1.53 <1.57 <1.69 <1.51 <1.63
Mg 11423.45 9776.80 11029.22 11108.47 9214.39 9230.69 11003.39
Al 300931.81 295533.44 295533.44 295533.44 295374.66 291669.91 296856.56
Si 28.12 70.41 68.10 53.40 <35.22 54.25 48.62
S <0.00 <0.00 <0.00 <0.00 <0.00 <0.00 <0.00
K <1.20 <2.51 <2.44 <2.27 <2.46 <2.46 <2.45
Sc 0.12 0.12 0.18 0.14 <0.109 <0.104 0.20
Ti 124.55 90.98 178.78 154.68 120.23 107.13 170.79
V 64.10 508.48 425.56 477.49 531.65 456.61 440.81
Cr 2.34 2.66 0.90 1.15 0.81 1.77 0.99
Mn 696.77 742.65 655.15 607.57 725.14 685.34 597.22
Fe 141770.33 77741.53 98225.32 92509.77 81383.36 78487.65 95610.41
Co 120.20 98.00 103.26 102.09 103.16 99.38 103.03
Ni 85.80 20.40 21.34 21.35 19.34 19.80 20.46
Cu 6.53 10.56 9.91 9.48 9.47 9.94 9.30
Zn 170476.28 275629.38 254172.69 252025.00 270062.22 271938.91 252463.89
Ga 233.44 307.24 312.66 276.16 289.34 293.40 302.27
Ge 0.39 0.48 <0.51 <0.50 0.60 <0.50 <0.54
As 0.13 <0.249 <0.229 <0.219 <0.234 <0.225 0.27
Rb <0.0106 0.03 <0.0223 <0.0226 <0.0223 <0.0230 <0.0233
Sr 0.01 0.01 <0.0041 <0.0042 0.02 0.04 <0.0044
Y <0.0037 <0.0048 <0.0031 <0.0052 <0.0048 <0.0059 <0.0075
Mo <0.041 0.06 0.05 <0.054 <0.065 <0.068 <0.058
Ag <0.0097 <0.0179 <0.0176 <0.0147 <0.0206 <0.0256 <0.0167
Cd 1.51 3.52 3.01 2.97 3.58 3.55 2.86
Sn 0.05 0.06 0.06 0.08 0.04 0.05 0.08
Sb <0.0081 <0.0223 <0.0128 <0.0216 0.02 <0.0208 <0.0149
Ba <0.0144 0.04 0.01 0.02 0.03 0.03 <0.0174
La <0.00117 <0.00204 <0.0026 <0.00237 0.00 <0.00189 <0.00214
Ce <0.00114 <0.0020 <0.00180 0.00 0.01 0.00 <0.00120
Pr <0.00142 <0.0023 <0.00183 <0.00190 <0.00205 0.00 <0.00198
Nd <0.0028 0.00 <0.0087 0.00 <0.0084 <0.0108 <0.0152
Sm <0.0104 0.01 <0.0159 <0.0182 0.01 <0.0192 <0.0133
Eu <0.00267 0.00 <0.0036 <0.0032 <0.0049 <0.0051 <0.0051
Gd <0.0071 <0.0170 <0.0195 <0.0138 <0.0189 <0.0121 <0.0158
Tb <0.00090 0.00 <0.0032 <0.00149 <0.00161 <0.00257 <0.00155
Dy <0.0061 <0.0062 <0.0039 <0.0079 0.00 <0.0057 <0.0052
Ho <0.00066 <0.00268 <0.00263 <0.0027 <0.00136 0.00 <0.00131
Er <0.00208 0.00 <0.0077 <0.0080 <0.0096 <0.0110 <0.0059
Tm <0.00076 <0.00146 <0.00133 <0.00189 <0.00223 <0.00213 <0.00124
Yb <0.0056 <0.0173 <0.0132 <0.0119 0.00 <0.0120 <0.0096
Lu <0.00066 <0.00188 <0.00197 <0.00198 <0.00165 <0.00141 <0.00243
W <0.0028 <0.0094 <0.0170 <0.0077 0.02 0.01 <0.0159
Pb206 0.04 0.21 0.02 0.03 0.36 0.32 0.02
Pb207 0.04 0.26 0.02 0.03 0.35 0.45 0.04
Pb208 0.05 0.24 0.03 0.04 0.33 0.38 0.03
Bi <0.0032 0.01 <0.0054 0.01 0.01 0.01 <0.0050
Th <0.00097 <0.0032 0.00 <0.00 <0.00243 <0.00255 0.00
Table A5. (Cont.) O'Brien et al.
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Deposit H. George H. George H. George H. George H. George H. George H. George
Sample 020-7-1 020-8-2 027-2-1 027-2-3 028-2-1 028-2-2 028-2-3
Li 1.99 <1.61 2.87 2.94 6.04 7.24 6.13
Be 0.52 0.59 1.77 2.57 3.64 4.45 4.60
B <1.52 <1.23 <0.91 <0.98 <1.04 <0.97 <0.93
Mg 11311.32 9899.02 14229.98 14630.37 19231.53 18728.10 19331.52
Al 295745.16 295321.75 302043.16 302043.16 302677.13 302677.06 302677.03
Si 55.72 124.32 <54.26 <56.66 57.81 93.02 49.16
S <0.00 <0.00 <0.00 <0.00 <0.00 <0.00 <0.00
K <2.44 20.69 <1.42 <1.47 <1.65 <1.58 <1.53
Sc 0.12 0.10 0.55 0.48 0.17 0.16 0.10
Ti 102.86 64.57 19.20 14.25 128.35 100.51 71.89
V 352.98 395.05 167.69 169.50 140.40 154.04 143.38
Cr 1.33 2.44 42.25 35.40 7.73 3.59 8.78
Mn 694.59 756.64 864.35 791.99 1297.96 1292.22 1300.86
Fe 92887.89 77210.66 72448.48 70072.55 139417.14 136920.55 142173.19
Co 108.31 98.08 87.82 85.53 68.96 68.60 68.88
Ni 19.75 16.60 11.00 9.39 5.29 4.82 5.18
Cu 10.44 10.08 0.84 1.07 7.04 7.24 7.27
Zn 270743.97 258218.94 260482.73 227494.94 228692.22 224743.88 220713.75
Ga 311.36 286.71 139.85 127.75 194.21 191.90 192.37
Ge <0.52 <0.41 <0.52 <0.53 0.47 0.43 0.59
As <0.226 0.25 <0.162 <0.165 <0.138 <0.122 <0.130
Rb <0.0204 0.23 <0.020 <0.0223 <0.0148 0.06 <0.0160
Sr 0.01 0.33 0.01 0.01 <0.0043 0.00 <0.0022
Y <0.0057 <0.0055 0.01 0.35 <0.0053 0.00 <0.0054
Mo <0.052 <0.047 <0.113 <0.104 0.07 0.08 0.06
Ag 0.02 0.64 <0.029 <0.032 0.02 <0.0141 <0.0154
Cd 3.27 3.46 13.82 10.86 1.01 1.27 1.06
Sn 0.16 0.05 <0.043 <0.046 0.08 0.07 0.05
Sb <0.0220 0.09 <0.031 0.03 <0.0098 <0.0133 0.01
Ba 0.02 0.70 <0.046 <0.034 <0.031 <0.0157 <0.0148
La <0.0021 0.11 <0.0030 <0.0046 <0.00140 <0.00204 <0.00192
Ce 0.00 0.18 0.02 0.01 <0.00137 0.00 <0.0029
Pr <0.00214 0.01 <0.0052 <0.0042 <0.00198 <0.00247 <0.00157
Nd 0.03 0.04 <0.020 <0.0186 <0.0080 <0.0060 0.00
Sm <0.0144 <0.0161 0.03 <0.033 <0.0094 <0.0099 <0.0094
Eu <0.00186 <0.0041 <0.0117 <0.0077 <0.0052 <0.0029 <0.0031
Gd <0.0139 0.01 <0.037 <0.025 <0.0139 <0.0097 <0.0102
Tb <0.00193 <0.00124 <0.0051 <0.0053 <0.00191 <0.00094 <0.00153
Dy <0.0094 0.01 <0.0204 0.04 <0.0079 <0.0068 <0.0064
Ho <0.00179 <0.00129 <0.0054 0.01 <0.00151 <0.00138 0.00
Er <0.0057 0.01 <0.024 0.09 <0.0059 0.00 <0.0059
Tm <0.00169 <0.00140 <0.0041 0.02 <0.00072 <0.00198 <0.00124
Yb <0.0119 <0.0077 <0.0228 0.17 <0.0102 <0.0103 <0.0097
Lu 0.00 0.00 <0.0038 0.04 <0.00131 0.00 <0.00146
W <0.00 0.01 <0.018 0.04 <0.0062 <0.0041 <0.0076
Pb206 0.14 99.38 1.00 1.43 0.03 0.05 0.03
Pb207 0.18 116.80 1.05 0.80 0.03 0.06 0.04
Pb208 0.16 110.57 1.06 0.71 0.05 0.06 0.01
Bi 0.01 2.83 <0.0089 <0.0128 <0.0031 <0.0029 0.00
Th <0.0034 <0.00265 <0.0048 0.18 <0.00179 <0.00201 <0.00155
Table A5. (Cont.) O'Brien et al.
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Deposit H. George H. George H. George H. George H. George H. George H. George
Sample 028-2-4 028-3-1 028-3-2 028-4-1 028-4-2 028-6-1 028-7-1
Li 6.57 6.27 5.94 6.55 5.77 5.13 4.60
Be 3.02 4.61 5.35 6.75 6.10 3.07 5.11
B <0.98 <0.92 <0.97 <0.85 <0.79 <1.44 <1.53
Mg 19564.43 19056.32 18761.86 20344.00 20700.79 18736.53 19039.53
Al 302677.00 302624.00 302623.94 301988.78 301988.69 302782.06 303416.94
Si 62.55 77.04 30.91 41.86 46.79 107.90 35.02
S <0.00 <0.00 <0.00 <0.00 <0.00 <0.00 <0.00
K <1.65 5.16 <1.69 <1.51 <1.36 <2.80 <2.33
Sc 0.19 0.22 0.14 0.14 0.20 0.20 0.21
Ti 83.74 108.59 77.16 110.48 104.12 119.52 74.66
V 151.87 185.16 173.71 140.47 143.90 84.46 97.23
Cr 10.22 85.59 110.58 10.44 9.30 2.69 2.69
Mn 1298.79 1293.56 1294.76 1287.69 1276.93 1288.74 1380.59
Fe 140241.61 137578.30 136697.41 130849.67 125279.27 144004.34 149523.08
Co 69.10 70.86 69.95 58.66 56.93 70.37 73.68
Ni 4.96 4.88 4.31 4.83 4.60 5.66 5.04
Cu 6.34 6.21 6.50 6.19 6.20 6.14 6.13
Zn 210516.84 203400.06 208534.27 193323.27 190887.38 181976.56 170083.36
Ga 182.87 192.92 191.74 171.75 175.01 108.72 161.22
Ge 0.52 <0.36 <0.35 <0.32 <0.28 <0.57 <0.49
As <0.133 0.21 <0.144 0.13 <0.110 <0.22 <0.186
Rb <0.0135 0.08 <0.0160 <0.0139 <0.0134 <0.0236 <0.0223
Sr 0.01 0.01 <0.0042 0.04 0.00 0.02 <0.0053
Y <0.0041 <0.0044 <0.0045 <0.0031 <0.0036 <0.0083 <0.0044
Mo 0.06 0.06 0.11 0.05 0.05 <0.087 0.13
Ag <0.0195 <0.0160 <0.0147 <0.0164 <0.0153 <0.032 <0.0170
Cd 0.88 1.67 1.30 1.40 1.24 1.47 1.32
Sn 0.09 0.17 0.05 0.07 0.05 <0.049 0.05
Sb 0.01 0.10 0.02 <0.0093 <0.0097 0.04 <0.0166
Ba <0.0228 <0.028 <0.0252 <0.0132 <0.0164 0.03 <0.0117
La <0.0032 <0.00213 <0.00207 <0.00133 <0.00165 <0.0034 <0.0039
Ce <0.0032 0.00 <0.00175 0.00 0.00 0.00 <0.0035
Pr <0.00221 <0.00156 <0.00240 <0.00203 <0.00190 <0.00194 <0.00193
Nd <0.0083 <0.0089 <0.0108 <0.0044 <0.0067 <0.0135 <0.0078
Sm <0.0097 <0.0127 <0.0160 <0.0114 <0.0127 <0.0129 <0.0203
Eu <0.0028 <0.0034 <0.0040 <0.0042 <0.0026 <0.0046 <0.0046
Gd <0.0143 0.01 0.01 <0.0111 <0.0107 <0.0125 <0.0176
Tb <0.00197 <0.00098 <0.00106 <0.00192 <0.00133 <0.0027 <0.00255
Dy <0.0044 <0.0041 <0.0044 <0.0063 <0.0049 <0.0112 <0.0050
Ho <0.00155 <0.00191 <0.00192 <0.00071 0.00 <0.00126 <0.00153
Er <0.0070 <0.0032 <0.0050 <0.0045 <0.0063 <0.0080 <0.0097
Tm <0.00195 <0.00069 <0.00075 0.00 <0.00157 <0.00169 <0.00119
Yb <0.0149 <0.0145 <0.0116 <0.0136 <0.0092 <0.0132 <0.0131
Lu <0.00110 <0.00072 <0.00136 <0.00123 <0.00139 0.00 <0.00216
W 0.00 <0.0084 0.01 0.01 0.00 <0.0148 <0.0104
Pb206 0.06 0.24 0.02 0.02 0.07 0.87 <0.0155
Pb207 0.12 0.32 <0.0121 0.05 0.07 1.09 <0.0150
Pb208 0.08 0.28 0.02 0.04 0.08 0.99 0.01
Bi <0.0029 <0.0042 0.00 <0.0037 0.00 <0.0073 0.00
Th <0.00225 <0.0032 <0.00227 <0.00236 <0.00179 <0.00 <0.0021
Table A5. (Cont.) O'Brien et al.
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Deposit H. George H. George H. George H. George H. George H. George H. George
Sample 029-1-1 029-1-2 029-1-3 029-2-1 030-1-1 030-1-2 030-2-1
Li 5.25 4.61 5.15 3.63 3.14 3.68 5.02
Be 14.94 13.21 17.98 21.21 2.14 1.70 1.41
B <0.45 <0.220 <0.151 0.22 <1.28 <1.21 <0.92
Mg 10522.36 10751.40 11109.20 10366.36 10469.87 10673.92 10390.96
Al 292732.19 292732.41 292732.63 298449.25 300241.06 300241.22 299712.13
Si 43.31 50.19 39.58 224.94 30.39 56.81 49.47
S <0.00 <0.00 <0.00 <0.00 <0.00 <0.00 <0.00
K <0.46 1.03 0.24 4.97 5.68 3.27 <1.45
Sc <0.0240 0.02 0.03 0.17 0.31 0.31 0.37
Ti 11.23 37.53 23.57 10.08 86.72 70.65 72.44
V 383.27 378.98 384.81 399.13 16.51 16.51 13.19
Cr 801.20 1018.63 802.04 951.33 3.98 2.30 1.36
Mn 464.68 405.46 427.76 413.12 780.87 765.38 757.24
Fe 120462.33 115362.05 119024.49 118032.41 97622.34 96659.00 96357.31
Co 94.00 90.16 88.41 98.92 67.52 65.21 66.32
Ni 41.05 30.78 36.42 29.06 4.20 4.69 4.46
Cu 0.13 0.16 0.20 0.24 8.84 8.11 8.95
Zn 184598.88 181377.86 173415.75 218451.33 211918.00 210793.91 242093.52
Ga 573.17 516.69 509.67 245.10 143.46 131.72 133.36
Ge 0.19 0.09 0.27 <0.064 <0.35 <0.37 0.48
As <0.071 <0.040 <0.026 0.06 0.35 0.18 0.17
Rb <0.0065 0.01 <0.0030 0.00 <0.0190 <0.0168 <0.0114
Sr 0.02 0.00 0.01 0.09 0.14 <0.0061 <0.0023
Y <0.0023 <0.00072 <0.00110 1.11 <0.0061 <0.0035 <0.0034
Mo 0.03 <0.0133 0.03 0.01 0.09 0.06 0.04
Ag 0.01 0.01 0.00 <0.0047 <0.0165 <0.0117 <0.0134
Cd 6.30 4.51 3.49 3.04 6.65 5.45 3.96
Sn 0.31 0.25 0.24 0.16 0.07 0.04 0.05
Sb 0.44 0.04 0.03 0.02 0.06 <0.0148 <0.0083
Ba <0.0160 <0.0152 <0.0098 <0.0119 0.06 <0.0212 <0.0130
La 0.00 <0.00088 <0.00092 0.46 <0.00211 <0.0026 <0.00158
Ce 0.01 0.00 <0.00130 1.03 0.00 <0.0041 <0.00179
Pr 0.00 <0.00074 <0.00058 0.13 <0.00199 <0.00210 <0.00197
Nd <0.0079 0.00 <0.0030 0.50 <0.0081 <0.0070 <0.0043
Sm <0.0096 <0.0086 <0.0046 0.14 <0.0116 <0.0164 0.01
Eu <0.00286 0.00 0.00 <0.0016 <0.0034 <0.0048 <0.0029
Gd 0.01 <0.0076 <0.0056 0.18 <0.0112 0.00 0.00
Tb <0.00141 <0.00118 <0.00092 0.03 <0.00127 <0.00155 <0.00134
Dy <0.0078 <0.0050 <0.0035 0.13 <0.0064 <0.0111 <0.0048
Ho <0.00123 <0.00151 <0.00080 0.04 <0.00228 0.00 <0.00121
Er <0.0117 <0.0057 <0.0039 0.14 <0.0042 <0.0051 <0.0031
Tm <0.00208 <0.00155 <0.00078 0.03 <0.00197 <0.00152 <0.00114
Yb <0.0154 <0.0073 <0.0036 0.46 <0.0136 <0.0118 <0.0059
Lu 0.00 <0.00070 <0.00076 0.06 <0.00133 <0.00198 <0.00099
W <0.0094 <0.0052 <0.0050 <0.0065 0.00 <0.0133 <0.0041
Pb206 0.80 0.21 0.12 1.72 1.99 0.04 0.03
Pb207 0.88 0.12 0.07 0.38 2.33 0.07 0.02
Pb208 0.78 0.14 0.11 0.42 2.18 0.05 0.02
Bi <0.0056 <0.0032 <0.0031 0.00 0.01 0.01 0.00
Th <0.0048 0.00 <0.00171 0.76 <0.00151 <0.00185 <0.00278
Table A5. (Cont.) O'Brien et al.
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Deposit H. George H. George H. George H. George H. George H. George H. George
Sample 030-3-1 030-4-1 030-5-1 030-6-1 030-6-2 030-6-3 030-7-1
Li 3.86 2.86 3.58 3.96 4.59 2.65 2.46
Be 1.86 1.64 1.72 1.82 1.97 1.71 1.70
B <0.65 1.37 <1.25 1.09 <1.11 <1.44 <1.40
Mg 10166.32 11210.22 11679.52 11288.77 11261.54 11491.28 10195.24
Al 297807.06 300929.78 301247.53 302041.47 302041.56 302041.63 299395.47
Si 33.12 124.29 60.79 133.86 35.80 70.07 <34.21
S <0.00 <0.00 <0.00 <0.00 <0.00 <0.00 <0.00
K <1.10 40.42 <2.38 <2.09 <2.02 19.06 <2.43
Sc 0.26 <0.093 0.11 0.29 0.27 <0.102 <0.095
Ti 72.62 42.19 75.53 99.21 103.38 78.43 62.17
V 28.17 12.33 14.69 14.13 14.47 14.67 12.97
Cr 3.69 1.75 1.27 0.92 0.85 1.36 1.40
Mn 740.83 846.57 827.59 905.28 889.28 905.53 822.84
Fe 90647.49 91567.80 93989.88 94658.19 93429.41 94360.99 93866.55
Co 62.87 69.99 67.90 65.13 62.63 63.12 68.13
Ni 4.17 3.98 6.11 5.22 4.76 4.37 3.91
Cu 7.45 8.46 9.28 7.64 6.73 7.83 8.60
Zn 194917.47 235499.42 247769.56 222685.02 202065.61 228892.30 272112.97
Ga 109.59 109.16 124.78 115.84 110.77 107.78 110.70
Ge 0.43 <0.41 <0.45 0.50 <0.42 <0.50 <0.48
As <0.087 0.34 0.22 <0.176 <0.161 0.32 <0.199
Rb <0.0103 0.24 <0.0207 <0.0165 <0.0190 0.14 0.03
Sr <0.00170 0.02 0.06 0.01 <0.0030 0.07 <0.0058
Y <0.00245 <0.0053 <0.0071 <0.0066 <0.0076 <0.0071 0.01
Mo <0.029 <0.063 0.06 <0.072 0.09 <0.077 <0.060
Ag <0.0100 0.14 <0.0185 <0.0157 <0.0198 0.03 <0.0218
Cd 6.43 5.50 5.70 5.96 6.43 5.00 5.42
Sn 0.31 <0.035 0.14 0.06 0.06 0.08 0.10
Sb <0.0073 0.38 0.05 0.03 <0.0175 0.13 0.04
Ba <0.0095 0.28 <0.041 0.01 <0.0241 0.22 0.02
La <0.00163 <0.0023 <0.0046 <0.0027 <0.0032 0.00 <0.0036
Ce <0.00160 0.00 0.00 0.00 0.00 0.01 0.00
Pr <0.00109 <0.00093 <0.00166 <0.0034 <0.00197 <0.00145 0.00
Nd <0.0077 <0.0131 <0.0135 <0.0081 <0.0139 0.01 <0.0068
Sm <0.0090 <0.0108 <0.0112 <0.0163 <0.0093 <0.0237 <0.0138
Eu <0.00214 <0.0041 <0.0040 <0.0043 <0.0019 <0.0049 <0.0052
Gd 0.00 <0.0160 <0.0203 <0.0112 <0.0091 0.01 <0.0257
Tb <0.00110 <0.00144 0.00 <0.00154 <0.00177 <0.00225 <0.00239
Dy <0.0041 <0.0077 <0.0116 <0.0083 <0.0073 <0.0054 <0.0099
Ho <0.00135 <0.00174 <0.00156 <0.00161 <0.00226 0.00 <0.0030
Er <0.00230 <0.0055 <0.0070 <0.0059 <0.0083 <0.0086 <0.0113
Tm 0.00 <0.00201 0.00 0.00 <0.00195 <0.00182 0.00
Yb 0.00 <0.0104 <0.0148 <0.0148 <0.0157 <0.0163 <0.0201
Lu <0.00103 0.00 0.00 <0.00187 0.00 0.00 0.00
W <0.0042 0.01 0.02 0.01 <0.0076 0.02 <0.0092
Pb206 0.05 0.92 9.38 0.12 0.06 14.84 0.15
Pb207 0.04 1.00 11.59 0.08 0.03 17.90 0.17
Pb208 0.05 0.92 10.84 0.11 0.03 16.59 0.19
Bi 0.01 0.01 0.01 0.00 0.01 0.01 0.01
Th 0.00 <0.00202 <0.00182 <0.0034 <0.0026 0.00 0.00
Table A5. (Cont.) O'Brien et al.
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H. George H. George H. George H. George H. George H. George H. George H. George
030-8-1 031-2-1 031-2-3 031-3-1 031-3-2 031-4-1 031-4-2 031-5-2
<1.90 <2.28 2.65 4.37 3.07 3.03 1.86 2.29
1.24 5.29 5.94 10.26 7.80 8.84 9.75 8.86
<1.46 <1.11 <0.85 <0.86 <0.79 <1.07 <0.78 1.90
9755.57 15136.08 15653.84 14988.77 15728.79 14899.26 15832.44 15412.67
298337.06 301831.50 301831.50 300773.00 300773.00 299608.66 299608.66 300614.22
46.57 <71.53 60.74 <64.90 61.37 <69.87 63.23 <48.79
<0.00 <0.00 <0.00 <0.00 <0.00 <0.00 <0.00 <0.00
<2.57 <1.50 <1.22 <1.38 <1.23 <1.48 <1.12 <1.05
<0.111 <0.116 <0.095 0.11 <0.089 <0.119 <0.086 <0.079
41.38 66.92 62.57 44.08 48.86 54.32 74.06 72.01
47.29 510.54 544.97 458.41 501.81 466.26 492.11 503.83
14.68 374.36 433.55 361.85 360.47 292.90 325.85 532.29
751.39 321.80 321.66 329.08 338.60 323.19 331.52 414.96
73874.25 123870.88 128197.55 135988.47 132549.42 125457.51 126176.57 129408.73
42.73 109.41 111.30 113.65 112.93 116.03 111.75 125.37
4.24 166.34 147.63 155.58 155.21 148.25 146.50 158.29
9.02 0.41 0.81 0.89 1.12 0.63 0.61 0.81
272593.97 182069.77 177279.55 182175.41 177951.63 183850.81 162419.13 194673.20
234.12 402.53 424.55 470.29 464.28 474.64 430.99 496.29
<0.53 <0.54 <0.47 <0.51 <0.43 <0.56 <0.39 0.58
<0.200 <0.33 <0.26 <0.30 0.28 <0.30 <0.23 0.46
<0.024 <0.022 <0.0189 <0.0199 <0.0204 <0.0209 <0.0166 <0.0146
0.03 <0.0094 0.02 <0.0061 0.01 <0.0070 0.03 0.02
<0.0066 <0.0089 <0.0065 <0.0087 <0.0085 0.02 <0.0063 0.01
<0.087 <0.123 <0.078 0.10 <0.081 <0.086 <0.087 <0.072
<0.0183 0.03 <0.025 <0.034 0.03 0.06 <0.026 <0.025
5.21 3.78 3.15 3.75 2.39 3.39 2.96 2.91
0.07 <0.049 <0.036 0.05 0.04 <0.045 <0.033 0.05
0.05 <0.050 0.05 0.05 0.11 0.07 0.07 0.04
<0.023 0.02 0.04 0.03 0.03 0.02 0.12 <0.030
0.01 <0.0050 <0.0045 <0.0039 <0.0026 <0.0039 <0.0045 0.01
<0.0023 <0.0059 <0.0027 0.00 <0.0036 0.01 0.00 0.01
<0.0036 <0.0046 <0.0032 0.01 <0.0036 <0.0063 <0.0028 0.00
0.01 <0.0196 <0.0217 <0.0130 <0.00 <0.0163 0.01 0.01
<0.0181 <0.031 <0.0162 <0.027 <0.0257 <0.040 <0.017 <0.020
<0.0080 <0.0062 <0.0098 <0.0068 <0.0085 <0.0080 <0.0069 <0.0056
<0.0197 <0.029 <0.029 <0.033 0.02 <0.031 <0.013 0.03
<0.00243 <0.0043 <0.0035 <0.0023 <0.0044 <0.0044 <0.0028 <0.0026
<0.0124 <0.0119 <0.0134 <0.0144 <0.0119 <0.0148 <0.0146 <0.0106
<0.0028 <0.0033 <0.0031 <0.0024 <0.0033 0.00 <0.0025 <0.0030
<0.0081 <0.0117 <0.0115 <0.0122 <0.0175 <0.0097 <0.0130 <0.0121
<0.0017 <0.0038 <0.00302 <0.0040 <0.0029 <0.0039 <0.0031 <0.00241
<0.0153 <0.036 <0.0194 <0.0183 <0.029 0.03 <0.024 0.02
<0.00221 <0.0043 <0.0035 <0.0028 <0.0018 0.00 0.00 0.00
<0.0105 <0.0127 <0.0109 <0.0178 <0.0147 0.01 0.01 <0.0161
1.19 0.08 2.07 1.05 4.30 1.37 2.76 0.31
1.35 <0.050 2.45 1.18 5.06 1.26 3.25 0.31
1.24 0.06 2.19 1.22 4.62 1.27 3.22 0.30
<0.0060 <0.0080 <0.0069 0.01 <0.0085 <0.0112 <0.0061 0.01
0.00 <0.0023 <0.0040 <0.0046 <0.0042 <0.0041 <0.0050 <0.0029
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Deposit H. George H. George H. George H. George H. George H. George H. George
Sample 032-1-1 032-1-2 032-2-1 032-2-2 032-3-1 032-3-2 032-5-1
Li <2.98 4.69 <3.41 <3.03 <2.70 2.96 <2.34
Be 3.27 1.86 1.98 1.38 3.86 4.38 3.12
B <1.02 <1.23 <1.29 <1.40 <1.04 <1.14 <0.86
Mg 16208.92 15858.63 14286.97 14079.73 15371.83 14990.83 13730.57
Al 301196.44 301196.44 298020.94 298020.94 301619.81 301619.81 300773.03
Si <65.96 <72.55 <75.55 <67.44 <59.50 92.68 <52.16
S <0.00 <0.00 <0.00 <0.00 <0.00 <0.00 <0.00
K <1.74 <1.91 <2.03 <1.80 <1.60 <1.72 <1.38
Sc <0.131 <0.139 <0.135 <0.121 <0.113 <0.125 <0.100
Ti 58.54 65.10 26.90 39.10 54.28 59.72 30.37
V 194.83 197.24 230.46 212.15 203.27 205.16 190.50
Cr 188.53 72.31 53.20 94.26 186.87 109.55 149.69
Mn 291.49 302.21 285.09 292.74 325.59 301.74 266.05
Fe 80145.13 82418.62 74080.41 70479.70 80849.44 78464.34 69887.40
Co 70.51 72.47 59.01 55.03 68.02 67.94 52.90
Ni 4.83 5.47 3.85 3.30 4.43 4.11 4.77
Cu 0.95 0.85 <0.38 0.61 1.00 0.64 0.79
Zn 193752.44 196332.19 195238.83 188616.59 189677.22 177025.50 194048.66
Ga 256.53 278.02 276.00 256.89 290.12 274.22 213.99
Ge <0.61 <0.70 <0.74 <0.63 <0.58 <0.64 <0.47
As <0.208 <0.27 <0.261 <0.216 <0.191 <0.177 <0.177
Rb <0.024 <0.028 <0.028 0.04 <0.0221 <0.026 <0.0216
Sr <0.0084 <0.0090 <0.0064 0.22 <0.0082 0.04 <0.0042
Y <0.0095 <0.0093 <0.0105 0.01 <0.0091 <0.0128 <0.0097
Mo <0.143 <0.139 <0.135 <0.147 <0.104 <0.138 <0.089
Ag <0.041 <0.055 <0.059 <0.037 <0.036 <0.048 <0.035
Cd 4.36 3.01 4.29 3.68 3.69 3.99 3.10
Sn <0.050 <0.054 0.05 0.06 <0.046 0.41 0.06
Sb <0.040 <0.037 <0.0221 <0.026 <0.022 <0.030 0.03
Ba <0.040 <0.056 <0.057 0.11 0.04 0.06 <0.033
La <0.0056 <0.0058 <0.0053 <0.0044 <0.0038 <0.0063 <0.0049
Ce <0.0045 <0.0040 <0.0045 <0.0037 <0.0058 <0.0044 0.00
Pr <0.0049 <0.0066 <0.0050 <0.0066 <0.0059 <0.0047 <0.0053
Nd <0.030 <0.031 <0.0189 <0.031 <0.0270 0.02 <0.0161
Sm <0.040 <0.053 <0.039 <0.026 <0.036 <0.033 <0.024
Eu <0.0122 <0.0110 <0.0154 <0.0115 <0.0111 <0.0085 <0.0066
Gd <0.041 0.03 <0.032 <0.027 <0.041 <0.027 <0.033
Tb <0.0064 <0.0036 <0.0033 <0.0061 <0.0052 <0.0050 0.00
Dy 0.01 <0.0216 <0.030 <0.0142 <0.0180 <0.0210 <0.0185
Ho <0.0053 <0.0063 <0.0056 <0.0066 <0.0048 <0.0060 <0.0023
Er <0.023 <0.025 0.02 <0.0282 <0.0164 <0.0148 <0.0213
Tm <0.0024 <0.0048 <0.0054 <0.0049 <0.0041 <0.0055 <0.0026
Yb <0.0218 <0.028 <0.0156 0.02 <0.041 <0.023 <0.027
Lu <0.0057 <0.0057 <0.0069 <0.0048 <0.0050 <0.0048 <0.0044
W <0.0211 <0.027 <0.040 <0.0124 0.02 <0.0159 <0.0243
Pb206 <0.050 0.06 1.12 1.72 <0.040 2.08 0.25
Pb207 0.07 0.07 1.13 2.29 0.08 2.46 0.32
Pb208 0.16 0.06 1.26 2.27 0.05 2.23 0.24
Bi 0.01 <0.0139 0.04 <0.0110 <0.0085 0.01 0.01
Th <0.0051 0.01 <0.0118 <0.0069 <0.0060 <0.0063 <0.0064
Table A5. (Cont.) O'Brien et al.
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Deposit H. George H. George H. George H. George H. George H. George H. George
Sample 032-6-1 033-1-1 033-2-1 033-2-2 033-3-1 033-3-2 033-3-3
Li <3.21 3.20 3.55 3.39 1.87 2.33 1.78
Be 2.01 1.95 1.67 1.71 1.83 1.92 1.69
B <1.00 <1.58 <1.14 <1.08 1.17 <0.87 <0.86
Mg 13773.91 14294.35 11914.61 12155.55 11611.85 11960.86 11031.58
Al 301884.44 301306.31 302364.69 302364.59 298500.88 298500.78 298500.66
Si <71.79 43.85 40.31 46.31 26.76 30.50 24.28
S <0.00 <0.00 <0.00 <0.00 <0.00 <0.00 <0.00
K <1.91 <2.22 <1.44 <1.43 <1.36 <1.26 <1.20
Sc <0.136 <0.094 <0.062 <0.062 <0.058 <0.054 <0.050
Ti 14.89 62.94 28.81 27.49 32.74 30.58 25.55
V 226.50 134.99 119.15 119.76 142.71 147.86 144.64
Cr 51.34 37.25 231.54 211.26 180.63 213.23 209.50
Mn 253.77 1026.17 737.79 741.99 751.79 747.50 748.27
Fe 71078.47 97923.76 72693.76 71221.66 73583.87 73819.80 73763.67
Co 54.38 63.87 44.16 41.39 45.16 44.06 42.46
Ni 3.11 2.00 1.83 1.82 2.71 2.29 1.57
Cu 0.74 7.51 8.04 7.63 8.04 7.72 8.33
Zn 197717.08 208694.83 219895.28 210046.25 225892.20 229630.30 225738.05
Ga 230.44 173.04 153.98 143.20 158.48 146.51 134.58
Ge <0.72 <0.44 0.38 0.47 0.35 0.32 <0.248
As <0.238 0.29 <0.163 0.28 0.18 0.16 0.24
Rb <0.029 <0.0212 <0.0152 <0.0114 <0.0132 <0.0114 0.03
Sr <0.0093 0.00 <0.0028 <0.0049 0.00 <0.0035 <0.0042
Y <0.0152 <0.0044 <0.00285 <0.0032 <0.0036 <0.00209 <0.0032
Mo <0.119 <0.050 <0.034 0.07 <0.032 <0.034 0.05
Ag <0.052 <0.0236 <0.0114 <0.0103 <0.0119 <0.0101 <0.0087
Cd 2.70 9.35 11.55 9.69 8.71 7.47 7.10
Sn <0.048 0.05 0.09 0.14 0.06 0.06 0.08
Sb <0.042 <0.0133 <0.0127 0.02 <0.0107 0.03 0.02
Ba <0.037 0.00 0.01 0.02 <0.0148 0.02 0.01
La <0.0074 <0.00190 <0.00270 <0.00138 <0.00192 <0.00166 <0.00132
Ce <0.0082 <0.00230 <0.00109 0.00 0.00 0.00 0.00
Pr <0.0042 <0.00220 <0.00156 <0.00235 <0.00145 <0.00182 <0.00094
Nd <0.027 <0.0150 <0.0078 <0.0056 <0.0036 <0.0037 <0.0066
Sm <0.046 <0.0246 0.01 <0.0092 <0.0094 <0.0074 <0.0066
Eu 0.01 <0.0032 <0.0026 <0.0030 <0.0027 <0.0039 <0.00191
Gd <0.041 <0.0105 <0.0075 <0.0098 <0.0127 <0.0116 <0.0082
Tb <0.0049 <0.00154 <0.00109 <0.00157 <0.00058 <0.00084 <0.00053
Dy <0.025 <0.0100 <0.0037 <0.0059 <0.0024 <0.0049 <0.0022
Ho <0.0079 0.00 <0.00159 <0.00093 <0.00060 <0.00106 <0.00077
Er <0.027 0.00 <0.0041 <0.0059 0.00 <0.0027 <0.0055
Tm <0.0065 <0.00211 <0.00061 <0.00153 <0.00127 <0.00082 <0.00089
Yb <0.037 <0.0095 <0.0087 <0.0089 <0.0063 <0.0098 <0.0093
Lu <0.0044 <0.00111 <0.00145 <0.00093 <0.00120 <0.00087 <0.00109
W <0.025 <0.0092 <0.0054 <0.0067 <0.0035 0.00 0.00
Pb206 0.06 0.05 0.06 0.25 0.04 0.16 0.05
Pb207 0.12 0.04 0.04 0.30 0.06 0.16 0.06
Pb208 0.09 0.04 0.06 0.26 0.05 0.15 0.05
Bi <0.0118 0.01 0.01 0.01 0.01 0.00 0.01
Th <0.0078 <0.00168 <0.00138 <0.00099 <0.00181 <0.00160 <0.00116
Table A5. (Cont.) O'Brien et al.
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Deposit H. George H. George H. George H. George H. George H. George H. George
Sample 033-4-1 033-6-1 034-3-1 034-3-2 034-4-1 034-4-2 034-4-3
Li 3.12 2.18 3.14 <2.25 3.56 3.51 4.50
Be 1.75 1.65 10.95 6.78 8.62 7.04 7.85
B <1.13 <1.37 <1.98 <1.61 <1.43 <1.73 1.39
Mg 10894.20 11209.82 14968.44 14991.90 14628.63 14765.38 14576.34
Al 297971.31 297971.22 299871.00 299553.44 297595.16 297595.19 297595.19
Si 31.85 <28.35 <41.49 45.02 <35.88 55.51 <27.79
S <0.00 <0.00 <0.00 <0.00 <0.00 <0.00 <0.00
K <1.51 <1.75 <2.75 <2.71 <2.39 <2.59 <1.90
Sc <0.062 <0.072 <0.114 <0.113 0.11 <0.104 <0.088
Ti 22.59 26.40 79.03 61.14 92.75 94.06 111.49
V 157.34 143.27 470.59 483.03 529.48 540.41 533.33
Cr 137.51 211.05 268.77 268.89 561.23 537.84 631.49
Mn 754.64 737.44 337.69 317.95 320.89 312.62 309.43
Fe 72928.64 70286.99 125459.71 127467.26 122254.48 121773.01 121247.55
Co 43.79 40.56 114.28 114.19 109.76 106.96 109.29
Ni 1.91 1.73 171.77 152.01 165.97 153.35 140.62
Cu 8.70 6.80 8.05 8.20 7.71 7.47 7.67
Zn 239591.69 188668.34 233115.92 239125.69 230531.47 219307.30 230184.22
Ga 160.29 138.82 523.67 510.86 469.03 430.30 430.21
Ge <0.32 <0.37 <0.56 <0.56 <0.53 <0.54 <0.37
As 0.23 0.24 <0.258 <0.23 0.29 <0.224 0.18
Rb <0.0125 <0.0149 <0.028 <0.0254 <0.0196 <0.0227 <0.0173
Sr <0.0047 0.01 <0.0075 <0.0060 <0.0040 0.04 0.01
Y 0.01 0.01 <0.0056 <0.0062 0.01 0.01 0.00
Mo <0.042 <0.055 <0.073 <0.071 <0.057 <0.073 <0.046
Ag <0.0128 <0.0130 <0.025 <0.0252 <0.0155 <0.0207 <0.0121
Cd 8.42 6.98 2.58 2.52 2.66 2.01 2.19
Sn 0.08 0.09 0.08 0.05 0.04 0.08 0.04
Sb 0.04 0.02 <0.0259 0.03 <0.0144 <0.0221 <0.0122
Ba <0.0081 <0.0225 0.01 <0.0167 0.02 <0.0280 <0.02
La <0.0018 <0.00220 <0.0042 <0.0029 <0.0029 <0.0040 0.00
Ce <0.0022 0.00 0.00 0.00 0.01 <0.0023 0.00
Pr <0.00092 <0.00197 <0.0039 0.00 <0.0023 <0.0026 <0.0020
Nd <0.00 <0.0049 <0.0164 <0.0161 <0.0088 0.00 0.01
Sm <0.0079 <0.0150 <0.0192 <0.0188 <0.0103 <0.0158 <0.0150
Eu <0.0032 0.00 <0.0039 <0.0061 <0.0069 0.00 <0.0040
Gd <0.0088 <0.0077 <0.0131 <0.0256 <0.0186 0.00 <0.0135
Tb 0.00 <0.00157 <0.00290 <0.0031 <0.00197 0.00 <0.00203
Dy <0.0045 <0.0056 <0.0120 <0.0052 <0.0081 <0.0102 <0.0059
Ho <0.00113 <0.00115 <0.00269 0.00 <0.00176 <0.0029 <0.00166
Er <0.0065 0.00 0.01 <0.0131 <0.0102 <0.0114 <0.0047
Tm <0.00107 <0.00171 <0.00127 <0.00175 <0.00235 <0.00120 <0.00221
Yb 0.01 <0.0069 <0.0180 <0.0079 <0.0162 <0.0153 <0.0109
Lu 0.00 <0.00181 <0.00232 <0.00131 <0.00144 0.00 <0.00105
W 0.01 0.01 <0.0082 <0.0113 <0.0139 0.01 <0.0078
Pb206 1.64 0.50 0.04 0.18 0.14 0.15 0.07
Pb207 2.02 0.53 0.03 0.19 0.14 0.12 0.10
Pb208 1.79 0.52 0.04 0.16 0.12 0.12 0.09
Bi 0.01 0.01 <0.0067 <0.0057 <0.0036 <0.0039 <0.0045
Th 0.00 <0.00172 <0.00199 0.00 <0.00262 <0.0027 <0.00110
Table A5. (Cont.) O'Brien et al.
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Deposit H. George H. George H. George H. George H. George H. George H. George
Sample 034-5-1 034-5-2 034-6-1 034-6-2 034-7-1 034-7-2 034-7-3
Li <2.18 3.85 <2.56 3.50 2.43 5.05 1.95
Be 7.80 10.19 9.40 9.06 7.23 8.50 8.86
B <1.65 <1.59 <2.04 <1.57 1.78 <1.54 2.65
Mg 14738.52 14933.13 14967.13 15016.67 14629.71 14883.82 14775.54
Al 298177.28 298177.31 300505.91 300506.00 299235.66 299235.66 299235.72
Si 39.65 53.00 <46.71 108.43 <34.50 42.40 <33.60
S <0.00 <0.00 <0.00 <0.00 <0.00 <0.00 <0.00
K <2.56 <2.49 <3.08 3.71 <2.29 <2.33 4.89
Sc <0.111 <0.105 <0.130 <0.100 <0.099 <0.100 <0.097
Ti 59.42 76.08 76.81 83.61 52.78 61.77 83.15
V 585.24 588.12 482.50 507.07 491.50 476.30 483.28
Cr 1964.53 2001.30 344.23 329.21 256.37 196.05 356.91
Mn 340.04 331.87 309.97 310.30 330.65 329.89 325.77
Fe 124495.00 124846.73 121157.89 121418.54 126602.37 125942.63 134964.17
Co 115.66 113.07 111.03 107.91 116.48 112.85 114.33
Ni 156.35 150.85 150.24 140.29 164.69 157.63 153.92
Cu 7.48 7.91 7.72 7.30 8.21 7.56 8.17
Zn 227055.41 231410.47 227740.48 225889.64 252680.97 233462.36 239787.06
Ga 539.32 470.28 464.94 406.36 540.25 491.92 463.36
Ge <0.50 <0.49 <0.60 <0.43 0.56 <0.44 <0.45
As 0.32 <0.222 <0.29 <0.201 0.33 0.21 0.54
Rb <0.0198 <0.0191 <0.030 0.02 <0.0194 <0.0209 0.02
Sr 0.03 0.01 <0.0050 0.01 <0.0058 <0.0022 0.11
Y <0.0051 <0.0073 <0.0065 0.01 0.03 0.01 <0.0071
Mo <0.048 <0.077 <0.065 <0.058 <0.063 <0.065 <0.061
Ag <0.030 <0.0212 0.02 <0.0138 <0.019 <0.0205 0.04
Cd 2.60 1.82 2.55 2.19 2.57 2.60 3.09
Sn 0.10 0.06 <0.055 <0.039 0.06 0.10 0.12
Sb 0.04 0.02 <0.025 <0.0176 <0.0220 0.02 0.15
Ba 0.10 <0.031 0.01 0.28 <0.032 0.01 0.29
La 0.00 <0.00156 0.00 <0.0024 <0.0035 <0.0037 0.01
Ce 0.00 0.00 <0.0051 0.01 0.01 <0.0024 0.05
Pr <0.0031 <0.0025 <0.0039 <0.0022 <0.0017 <0.0032 0.00
Nd <0.0150 0.00 <0.0191 <0.0066 <0.0103 <0.0206 <0.0081
Sm <0.0152 <0.0197 <0.032 0.01 <0.0120 <0.0121 <0.0178
Eu <0.0044 <0.0057 0.00 0.00 <0.0056 <0.0040 <0.0043
Gd <0.0146 <0.0085 <0.0241 <0.0105 0.03 <0.0178 <0.0145
Tb <0.00168 <0.00206 <0.0030 <0.0021 <0.0019 0.00 <0.0022
Dy <0.0098 <0.0110 <0.0063 <0.0075 <0.0067 <0.0068 0.01
Ho <0.00246 0.00 <0.0039 <0.00266 0.00 <0.0022 <0.00189
Er 0.01 0.00 <0.0100 0.01 0.01 <0.0107 <0.0042
Tm <0.00116 <0.00201 <0.00257 <0.00204 <0.0016 <0.00131 <0.00155
Yb 0.01 0.00 <0.030 <0.0065 0.02 <0.0144 <0.0150
Lu <0.00245 <0.00174 0.00 <0.00242 <0.0028 <0.00138 <0.00164
W <0.0106 <0.0075 0.01 <0.0114 0.01 <0.0060 0.02
Pb206 3.79 0.11 0.15 1.10 0.12 0.10 18.07
Pb207 4.64 0.19 0.17 1.44 0.13 0.07 21.17
Pb208 4.16 0.10 0.15 1.36 0.11 0.09 20.41
Bi 0.01 <0.0048 <0.0091 0.01 0.01 <0.0042 <0.0044
Th 0.00 <0.0026 <0.0046 <0.00160 <0.00 0.00 0.01
Table A5. (Cont.) O'Brien et al.
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Deposit H. George H. George H. George H. George H. George H. George H. George
Sample 034-8-1 034-8-2 034-8-3 035-1-1 035-1-2 035-2-1 035-2-2
Li <1.96 4.24 <1.86 4.48 2.51 3.51 4.03
Be 10.31 4.70 8.96 5.67 5.51 5.94 5.60
B <1.49 <1.45 <1.38 <1.13 <0.98 <1.24 <0.81
Mg 14692.11 14836.08 14668.49 13913.88 14490.17 12165.77 13383.97
Al 299235.59 299235.59 299235.63 299555.78 299555.75 297703.41 297703.38
Si <34.45 114.98 47.43 47.82 35.95 91.04 31.68
S <0.00 <0.00 <0.00 <0.00 <0.00 <0.00 <0.00
K <2.34 11.54 2.66 <1.54 <1.37 7.76 <1.23
Sc <0.099 <0.089 <0.093 0.09 0.18 0.10 0.13
Ti 58.92 48.00 66.94 67.19 78.94 90.28 124.39
V 456.98 462.53 450.93 151.44 167.32 253.13 264.42
Cr 349.28 327.44 314.65 698.31 852.11 20.21 29.57
Mn 321.61 302.04 310.04 827.57 871.18 759.42 806.08
Fe 122345.93 122022.58 122812.94 93764.45 99271.14 84425.79 91687.31
Co 112.02 109.90 109.10 59.58 60.94 56.09 58.15
Ni 154.37 101.39 147.77 2.93 2.96 4.00 4.15
Cu 7.65 7.22 7.45 8.17 8.07 8.87 8.83
Zn 232877.61 216872.22 225928.80 226561.88 226173.53 231786.64 225916.66
Ga 459.37 444.90 467.77 332.05 312.77 262.34 283.42
Ge <0.45 <0.43 <0.41 0.38 <0.30 <0.38 <0.28
As <0.207 0.45 <0.191 <0.161 <0.144 <0.164 <0.125
Rb <0.0215 0.08 0.03 <0.0123 <0.0157 0.09 <0.0102
Sr <0.0042 0.31 0.09 <0.00159 0.01 <0.0044 <0.00176
Y 0.01 0.01 <0.0052 <0.0036 <0.0027 <0.0034 <0.0038
Mo <0.061 <0.052 <0.061 0.04 0.06 <0.041 <0.038
Ag 0.02 0.05 <0.0204 0.01 <0.0109 <0.0189 <0.0101
Cd 2.88 3.41 2.42 3.07 1.83 3.05 2.34
Sn <0.044 0.09 0.06 0.06 0.07 0.07 0.06
Sb <0.0160 0.17 0.03 0.05 0.12 0.02 0.01
Ba <0.0192 1.88 1.40 <0.0126 0.02 0.10 <0.0098
La 0.00 0.00 0.00 0.00 0.01 0.01 0.00
Ce 0.00 0.01 0.00 0.00 0.02 <0.0031 0.01
Pr <0.0040 <0.0039 <0.00146 <0.00258 0.00 <0.00148 0.00
Nd 0.01 0.01 <0.0087 0.00 <0.0053 0.00 0.01
Sm <0.0153 <0.0121 <0.0176 <0.0148 <0.0076 <0.0102 0.00
Eu <0.0058 <0.0057 <0.0062 <0.00246 0.00 <0.0033 <0.00221
Gd <0.0148 <0.0151 <0.0184 <0.0126 <0.0060 0.00 <0.0074
Tb <0.00209 <0.00165 <0.00219 <0.00190 <0.00170 <0.00219 0.00
Dy 0.00 <0.0068 <0.0057 <0.0056 0.00 0.00 <0.0053
Ho <0.00242 <0.0026 <0.00144 <0.00121 <0.00088 <0.00161 <0.00077
Er <0.0068 <0.0088 <0.0064 <0.0094 0.00 <0.0107 <0.0042
Tm 0.00 0.00 <0.00191 <0.00093 <0.00102 <0.00118 <0.00103
Yb <0.0065 <0.0167 <0.0086 <0.0059 <0.0053 <0.0061 <0.0056
Lu 0.00 <0.00197 <0.00268 <0.00140 <0.00062 <0.00161 <0.00077
W 0.00 0.03 0.01 0.00 0.00 <0.0061 0.00
Pb206 0.30 66.57 1.26 0.25 1.03 0.05 0.05
Pb207 0.35 78.52 1.50 0.23 1.14 0.10 0.07
Pb208 0.32 74.03 1.13 0.21 1.02 0.06 0.06
Bi <0.0046 0.02 <0.0047 0.01 0.01 0.01 0.01
Th <0.00160 0.00 0.00 0.00 <0.00160 <0.00106 0.00
Table A5. (Cont.) O'Brien et al.
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Deposit H. George H. George H. George H. George H. George H. George H. George
Sample 035-3-1 035-3-2 035-4-1 035-6-1 035-7-1 035-7-2 035-8-1
Li 4.60 4.50 3.04 2.76 2.68 4.89 1.83
Be 6.44 6.63 7.14 10.42 6.80 6.39 4.77
B <0.98 <0.86 <0.86 <1.60 <1.79 <1.49 <0.80
Mg 17152.14 17510.76 12759.81 12389.93 13261.11 13466.27 13161.68
Al 300720.09 300720.09 297491.69 299132.34 298391.41 298391.41 299767.44
Si 35.09 21.26 45.03 <33.57 44.41 <30.47 <18.66
S <0.00 <0.00 <0.00 <0.00 <0.00 <0.00 <0.00
K <1.31 <1.39 <1.25 <2.30 <2.46 <2.09 <1.28
Sc 0.24 0.16 0.19 <0.095 <0.109 0.16 <0.058
Ti 101.39 163.52 123.59 2.42 94.86 101.99 56.33
V 259.31 274.67 229.31 76.36 239.44 243.68 248.65
Cr 100.07 117.59 13.73 90.40 26.19 33.89 53.18
Mn 1044.38 1058.02 809.36 828.44 854.68 850.40 781.38
Fe 123023.84 122976.49 93287.23 109757.29 102186.91 97246.06 84044.23
Co 66.21 64.37 61.45 85.77 72.98 68.52 48.40
Ni 4.71 4.32 3.82 3.59 4.12 4.47 2.28
Cu 7.06 7.09 9.06 8.48 9.63 8.36 8.35
Zn 190998.34 187822.27 234580.98 231563.00 243235.61 230295.48 232858.58
Ga 291.72 270.64 277.85 143.08 299.70 253.45 299.02
Ge <0.31 <0.31 0.32 <0.49 <0.49 <0.42 0.38
As <0.123 <0.131 <0.130 <0.235 <0.252 <0.196 <0.122
Rb <0.0116 <0.0139 <0.0123 <0.0235 <0.026 <0.0199 <0.0126
Sr <0.00206 <0.0032 <0.0030 <0.0043 <0.0024 0.02 0.00
Y <0.00192 <0.0030 <0.0035 <0.0045 0.01 0.00 <0.0023
Mo 0.07 <0.034 <0.031 <0.053 <0.058 0.07 <0.032
Ag <0.0102 <0.0157 0.02 <0.0211 <0.0197 <0.0158 <0.0101
Cd 1.55 1.33 2.36 1.75 2.71 2.02 2.95
Sn 0.08 0.08 0.10 0.04 0.14 0.10 0.04
Sb 0.01 <0.0133 <0.0079 0.02 0.07 0.02 <0.0117
Ba <0.0163 <0.0126 <0.0111 <0.0120 <0.0189 0.03 0.01
La <0.00115 0.00 <0.00128 <0.0029 0.00 0.00 0.00
Ce <0.00158 0.01 <0.00164 0.01 <0.0032 0.02 0.00
Pr 0.00 <0.00144 <0.00115 <0.0024 <0.00186 <0.00182 <0.00123
Nd <0.0070 0.00 <0.0052 0.01 0.00 <0.0120 <0.0032
Sm <0.0090 <0.0099 0.00 <0.0114 <0.0074 <0.0062 <0.0075
Eu <0.0028 <0.00201 <0.00176 <0.0033 0.00 <0.0031 <0.00188
Gd <0.0106 <0.0048 <0.0090 <0.0090 <0.0142 <0.0085 <0.0073
Tb <0.00071 <0.00095 <0.00083 <0.00179 0.00 <0.00169 <0.00102
Dy <0.0046 <0.0078 <0.0040 <0.0052 0.01 <0.0105 <0.0056
Ho <0.00104 <0.00099 <0.00070 <0.0023 <0.00104 <0.00152 <0.00118
Er <0.0057 <0.0044 0.00 <0.0102 <0.0104 <0.0039 <0.0034
Tm <0.00109 0.00 <0.00066 <0.00176 <0.00196 0.00 0.00
Yb <0.0031 <0.0072 <0.0060 <0.0111 <0.0124 <0.0129 <0.0045
Lu <0.00103 <0.00098 <0.00070 <0.00131 <0.00274 <0.00195 <0.00118
W 0.00 <0.0042 0.00 <0.0097 <0.0125 <0.0091 <0.0055
Pb206 0.04 0.03 0.04 0.03 0.34 0.05 0.09
Pb207 0.04 0.02 0.03 0.06 0.40 0.06 0.10
Pb208 0.03 0.03 0.04 0.04 0.35 0.06 0.08
Bi <0.0040 0.01 0.00 <0.0033 <0.0056 <0.0044 0.01
Th <0.00108 0.00 0.00 <0.0019 <0.00153 0.00 <0.00135
Table A5. (Cont.) O'Brien et al.
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Deposit H. George H. George H. George H. George H. George H. George H. George
Sample 035-9-1 036A-2-1 036A-3-1 036A-3-2 036A-3-3 036A-4-2 036A-5-1
Li 3.45 5.98 7.26 5.17 5.91 6.10 7.43
Be 5.21 9.22 7.76 10.51 10.53 8.53 7.14
B <0.82 <0.84 <1.00 <0.80 <1.05 <1.01 <1.12
Mg 13164.35 13400.08 13416.54 13556.42 13744.15 13569.74 13225.55
Al 298761.88 302096.13 302731.22 302731.22 302731.22 301725.66 301408.09
Si 37.23 <54.60 <65.64 64.75 <56.37 74.65 <65.19
S <0.00 <0.00 <0.00 <0.00 <0.00 <0.00 <0.00
K <1.30 <1.27 <1.52 <1.21 <1.32 1.46 <1.52
Sc 0.08 <0.101 <0.116 0.15 <0.101 0.39 0.47
Ti 62.38 30.43 49.14 85.62 63.55 94.42 140.61
V 155.97 193.27 185.35 188.31 194.74 175.94 181.09
Cr 56.82 131.12 116.91 115.83 118.14 3.31 15.71
Mn 835.99 1039.68 1075.54 1059.71 1057.52 939.83 995.16
Fe 89686.31 116875.32 116304.27 117165.08 115804.61 99568.72 111463.01
Co 54.09 111.21 112.68 115.41 111.74 81.21 95.35
Ni 2.24 16.90 15.75 16.05 14.76 11.08 13.32
Cu 9.14 0.67 0.84 0.81 0.60 0.87 0.79
Zn 240025.70 192810.77 202288.11 189135.84 187355.61 188073.47 183392.30
Ga 324.92 340.61 299.23 321.19 287.61 301.81 327.74
Ge <0.30 <0.49 <0.56 <0.42 <0.45 <0.49 <0.54
As <0.129 <0.26 <0.31 <0.22 <0.27 <0.24 0.45
Rb <0.0119 <0.0203 <0.026 <0.0173 <0.0216 <0.0188 <0.0259
Sr 0.01 0.04 <0.0078 0.00 <0.0077 0.01 <0.0074
Y <0.0037 <0.0085 <0.0080 <0.0064 <0.0068 <0.0092 <0.0108
Mo <0.042 <0.095 <0.089 0.07 <0.094 0.10 <0.109
Ag <0.0144 <0.030 <0.035 <0.030 <0.029 <0.038 <0.034
Cd 2.65 3.08 3.49 3.32 3.14 5.38 4.73
Sn 0.05 0.07 0.05 0.08 <0.043 <0.040 <0.045
Sb <0.0110 <0.045 <0.042 <0.033 <0.041 0.05 <0.046
Ba 0.01 <0.039 <0.024 <0.0207 <0.0155 <0.032 0.03
La 0.00 <0.0022 <0.0054 <0.0036 <0.0033 <0.0034 <0.0030
Ce 0.00 <0.0033 <0.0035 <0.0025 <0.0023 <0.0033 <0.0038
Pr <0.00120 <0.0036 <0.0033 <0.0038 <0.0045 <0.0038 <0.0037
Nd <0.0032 <0.0063 0.01 <0.0157 <0.0144 <0.0133 <0.0150
Sm <0.0110 <0.0198 <0.026 <0.0185 <0.028 <0.026 0.02
Eu <0.00237 <0.0054 <0.0063 <0.0070 <0.0041 <0.0075 <0.0060
Gd <0.0035 0.02 <0.0220 <0.028 <0.0246 <0.028 <0.026
Tb <0.00086 0.00 <0.0040 <0.0028 0.00 0.01 <0.0041
Dy <0.0036 <0.0133 <0.0191 <0.0107 <0.0138 <0.0151 <0.0112
Ho <0.00089 0.00 <0.0030 <0.0036 <0.0035 <0.0035 <0.0040
Er <0.0057 <0.0141 <0.0077 <0.0153 <0.0070 <0.0206 <0.0221
Tm <0.00119 <0.0040 0.00 <0.00231 <0.0030 <0.0039 <0.0031
Yb <0.0062 <0.022 <0.030 <0.0166 <0.036 <0.028 <0.030
Lu <0.00073 <0.0030 <0.0025 <0.0021 0.00 <0.0036 <0.0060
W <0.0054 <0.0123 0.01 0.00 <0.026 <0.0172 <0.0217
Pb206 0.11 0.62 0.04 0.05 0.07 0.46 <0.046
Pb207 0.12 0.75 <0.054 0.06 0.13 0.58 <0.038
Pb208 0.11 0.86 <0.031 <0.025 0.11 0.51 <0.027
Bi 0.01 <0.0092 0.02 0.01 0.01 0.02 <0.0123
Th <0.00152 <0.0032 0.00 <0.0026 <0.0048 <0.0039 <0.0044
Table A5. (Cont.) O'Brien et al.
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Deposit H. George H. George H. George H. George H. George H. George H. George
Sample 036A-5-2 036A-5-3 036B-1-2 036B-2-1 036B-3-1 036B-4-1 036B-4-2
Li 6.12 5.38 6.24 5.58 6.28 3.78 4.47
Be 6.81 7.33 7.57 8.32 8.00 6.88 8.12
B <0.78 <0.78 <0.71 <0.87 <0.98 <0.75 <0.62
Mg 13736.62 13449.03 14821.16 13910.55 12783.08 11222.85 11992.94
Al 301408.09 301408.09 306406.38 301748.66 299948.72 299418.75 299418.00
Si <48.53 <46.79 65.59 <71.46 <59.37 99.51 <42.95
S <0.00 <0.00 <0.00 <0.00 <0.00 <0.00 <0.00
K <1.14 <1.11 <1.18 <1.74 <1.47 <1.22 <1.05
Sc 0.28 0.31 0.30 0.21 0.39 0.26 0.14
Ti 53.99 90.79 129.19 185.35 157.79 235.94 95.41
V 188.75 183.10 147.37 173.69 183.38 181.70 189.06
Cr 18.14 35.44 8.15 76.26 26.77 42.25 34.39
Mn 1051.25 1002.06 1188.82 1001.82 1060.30 1003.97 1032.67
Fe 111001.86 111246.15 118187.37 115680.89 128155.22 132989.75 141315.08
Co 96.79 95.69 100.00 102.34 104.02 115.40 115.31
Ni 13.60 12.83 13.95 14.01 16.42 17.26 17.02
Cu 0.57 0.91 0.86 0.95 0.80 0.77 0.72
Zn 180553.31 188117.86 193990.70 187839.86 178001.53 177095.19 166911.55
Ga 322.20 313.17 353.12 311.05 351.91 377.25 363.70
Ge <0.43 <0.46 <0.40 <0.59 <0.52 <0.41 <0.35
As <0.21 <0.201 <0.143 <0.189 <0.178 <0.139 <0.124
Rb <0.0171 <0.0182 <0.019 <0.0257 <0.020 0.03 0.02
Sr <0.0039 0.01 <0.0066 0.01 <0.0077 <0.0066 <0.0045
Y <0.0070 0.01 <0.0077 <0.0083 <0.0083 <0.0069 <0.0063
Mo <0.076 <0.081 <0.079 <0.143 <0.112 <0.081 0.10
Ag <0.027 <0.023 <0.024 <0.040 <0.030 <0.034 <0.023
Cd 4.64 3.81 1.69 1.54 1.61 1.45 1.48
Sn 0.04 <0.037 0.08 0.05 0.05 <0.035 <0.030
Sb <0.039 0.04 <0.0215 <0.039 <0.025 <0.024 <0.022
Ba <0.021 <0.028 0.02 <0.056 0.02 <0.040 <0.027
La <0.0031 <0.0031 <0.0042 <0.0075 <0.0028 0.00 <0.0035
Ce 0.00 0.00 <0.0021 <0.0031 <0.0044 0.00 <0.00234
Pr <0.0034 <0.0030 <0.0035 <0.0053 <0.0055 <0.0048 <0.0038
Nd 0.01 0.02 <0.0197 <0.0202 <0.0207 <0.0160 0.01
Sm <0.0198 <0.0230 <0.0178 <0.033 <0.027 <0.0140 <0.0111
Eu <0.0054 <0.0068 <0.0043 <0.0098 <0.0056 <0.0059 <0.0060
Gd <0.022 <0.0172 <0.021 <0.053 <0.039 <0.023 <0.0094
Tb <0.0036 <0.0035 0.00 <0.0030 <0.0054 <0.0045 <0.0041
Dy 0.01 <0.0113 <0.0132 <0.0152 <0.0155 0.02 <0.0101
Ho <0.0036 <0.0025 <0.0033 <0.0038 <0.0044 <0.0041 <0.00255
Er <0.0108 <0.0182 <0.0151 <0.0173 <0.0234 <0.0179 <0.0116
Tm <0.0026 <0.0024 <0.0030 <0.0056 <0.0040 <0.0041 <0.0030
Yb <0.0166 <0.025 <0.028 <0.041 <0.034 <0.0224 <0.0145
Lu <0.0035 <0.00169 <0.0024 <0.0055 0.00 <0.0029 <0.0035
W <0.0143 <0.0160 <0.022 <0.019 <0.0148 0.02 <0.0193
Pb206 <0.036 <0.030 0.06 <0.061 0.07 0.03 0.10
Pb207 <0.046 0.04 0.10 <0.048 0.11 <0.040 0.07
Pb208 0.03 0.08 0.28 <0.031 0.11 0.03 0.05
Bi 0.01 0.01 0.01 0.66 <0.0089 <0.0067 <0.0058
Th <0.0045 <0.0025 <0.0040 <0.0047 <0.0041 <0.0054 <0.0027
Table A5. (Cont.) O'Brien et al.
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Deposit H. George H. George H. George H. George H. George H. George H. George
Sample 037-2-1 037-2-2 037-3-1 037-4-1 037-5-1 037-6-1 037-6-2
Li 5.27 3.01 5.64 6.48 3.38 5.06 2.88
Be 4.70 6.06 6.93 7.96 7.85 6.20 6.06
B <2.07 <2.60 <2.25 <1.26 <1.07 <1.60 <1.53
Mg 10659.58 10057.79 10453.11 10697.88 9633.02 9898.08 9895.06
Al 299822.50 299822.53 299346.22 300510.59 297599.72 296964.72 296964.75
Si <47.15 <51.78 <51.20 31.44 46.23 46.67 129.75
S <0.00 <0.00 <0.00 <0.00 <0.00 <0.00 <0.00
K <3.11 <3.46 <3.41 <1.71 <1.53 8.28 35.29
Sc <0.135 <0.138 <0.145 <0.073 <0.066 <0.115 <0.089
Ti 29.73 25.99 81.28 76.32 29.62 30.08 45.72
V 410.77 435.06 427.38 367.93 319.86 394.70 405.89
Cr 1252.42 1168.49 1769.93 432.23 1014.08 1243.96 1490.05
Mn 683.91 633.08 671.61 679.82 590.53 589.98 607.07
Fe 127205.73 126170.42 125296.76 121063.13 117194.32 119437.52 124973.69
Co 142.77 145.27 142.85 140.79 133.56 137.89 146.11
Ni 234.93 164.61 211.89 223.36 173.75 192.47 172.13
Cu 8.48 8.41 7.71 7.84 7.75 8.33 9.13
Zn 230545.06 232994.70 212744.67 223551.11 204800.28 228475.73 248452.33
Ga 482.14 473.58 453.33 526.76 475.89 438.36 466.34
Ge 0.63 0.77 <0.76 0.40 0.44 <0.46 0.54
As <0.30 <0.34 0.50 <0.165 0.14 <0.24 <0.19
Rb <0.026 <0.032 <0.028 <0.0167 <0.0147 0.02 0.27
Sr 0.00 <0.0078 0.01 <0.0025 0.01 <0.0027 0.01
Y <0.0080 <0.0064 <0.0065 <0.0043 <0.0037 <0.0061 0.11
Mo 0.09 <0.105 0.12 <0.051 <0.041 0.07 0.12
Ag 0.02 <0.035 <0.038 <0.0150 <0.0124 <0.0200 0.02
Cd 3.16 3.28 3.01 2.20 3.01 2.23 2.15
Sn 0.07 <0.064 <0.063 <0.033 0.05 0.06 <0.042
Sb 0.02 <0.0221 0.05 <0.0111 <0.0145 0.02 0.02
Ba <0.044 <0.040 <0.037 0.05 <0.0201 0.35 0.59
La 0.00 <0.0048 <0.0036 <0.00281 <0.00081 <0.0026 <0.0021
Ce <0.0036 <0.0058 0.00 <0.0029 <0.00195 <0.0036 0.00
Pr <0.0038 <0.0036 0.00 <0.00228 <0.00174 0.00 <0.0025
Nd <0.0159 <0.0095 <0.0151 <0.0083 <0.0087 <0.0073 <0.0114
Sm <0.0208 <0.029 <0.0249 <0.0137 <0.0079 <0.0121 <0.00
Eu <0.0060 0.00 <0.0077 <0.00227 <0.0037 <0.0055 <0.0051
Gd <0.0235 <0.0185 <0.0239 <0.0107 <0.0098 <0.0164 <0.0110
Tb <0.00219 <0.0030 <0.0024 <0.00131 <0.00124 <0.00231 0.00
Dy <0.0117 <0.0109 <0.0099 <0.0031 <0.0057 <0.0068 0.01
Ho <0.00131 <0.0027 0.00 <0.00176 <0.00213 <0.00240 <0.0026
Er <0.0083 <0.0173 <0.0144 <0.0086 <0.0050 <0.0054 0.01
Tm <0.00123 <0.00256 <0.0023 <0.00105 <0.00148 <0.00195 0.00
Yb <0.0136 <0.0163 <0.0192 <0.0094 <0.0102 <0.0102 0.02
Lu <0.0037 <0.0031 <0.00203 <0.00111 <0.00111 <0.00120 0.00
W <0.0137 <0.0135 <0.0150 0.00 0.00 <0.0146 0.01
Pb206 0.07 0.07 0.09 0.03 0.11 0.28 0.32
Pb207 0.03 0.07 0.11 0.05 0.16 0.05 0.29
Pb208 0.04 0.05 0.08 0.04 0.12 0.06 0.26
Bi <0.0066 <0.0079 <0.0077 0.01 <0.0046 <0.0052 0.01
Th <0.0039 0.00 <0.00 0.00 <0.00167 <0.00180 0.02
Table A5. (Cont.) O'Brien et al.
APPENDIX E 759
Deposit H. George H. George H. George H. George H. George H. George H. George
Sample 037-7-1 038-1-1 038-1-2 038-2-1 038-2-2 038-3-1 038-3-2
Li 5.18 <3.62 5.35 3.48 3.78 5.18 3.79
Be 7.26 8.32 4.90 5.33 6.74 6.71 6.92
B <1.41 1.81 <1.52 <0.81 <0.70 <0.93 <0.33
Mg 9865.39 9257.44 9228.05 9601.74 10237.59 10142.69 9784.45
Al 296964.78 293236.63 293236.00 294135.06 294134.41 294133.75 294133.13
Si <30.07 <88.31 370.50 <53.43 <50.79 <52.38 <24.96
S <0.00 <0.00 <0.00 <0.00 <0.00 <0.00 <0.00
K <2.02 <2.24 40.82 8.25 7.70 <1.34 2.14
Sc <0.086 <0.15 0.23 <0.093 <0.085 <0.087 0.07
Ti 37.77 35.49 15.59 25.30 34.76 34.20 31.03
V 385.75 428.28 418.16 458.57 500.36 495.90 464.94
Cr 1428.64 713.80 724.27 736.06 752.62 678.46 734.05
Mn 600.97 462.94 435.25 450.70 516.81 528.81 509.99
Fe 122839.66 111629.98 99204.95 116615.84 120999.46 123007.67 114811.92
Co 144.77 121.90 109.87 136.87 132.00 137.56 127.35
Ni 173.08 131.31 133.06 136.33 147.57 175.51 171.88
Cu 9.62 1.21 <0.45 1.12 0.73 0.66 0.77
Zn 251136.20 142593.58 138040.58 187771.98 176578.72 197941.58 174413.00
Ga 466.04 269.25 219.05 363.55 353.89 395.17 368.47
Ge <0.39 <0.80 <0.88 <0.46 <0.43 <0.46 <0.19
As <0.185 <0.30 <0.32 <0.171 0.18 <0.155 <0.075
Rb <0.0183 <0.032 0.41 0.05 0.05 <0.0182 0.03
Sr <0.0038 0.06 0.05 <0.0056 <0.0062 <0.0091 0.01
Y <0.0060 <0.013 0.14 <0.0059 <0.0084 <0.0074 <0.0036
Mo <0.049 0.34 <0.15 1.37 <0.086 <0.085 <0.048
Ag <0.021 0.09 0.07 0.02 <0.027 <0.0225 <0.0139
Cd 1.79 1.08 0.39 1.81 1.37 1.58 1.36
Sn 0.04 <0.071 <0.059 <0.037 0.05 0.06 <0.0177
Sb <0.0141 <0.046 <0.041 <0.019 <0.0215 <0.024 0.01
Ba <0.0241 0.06 0.96 <0.041 0.07 <0.031 0.02
La 0.00 <0.0078 <0.0095 <0.0044 <0.0042 <0.0043 <0.00207
Ce <0.0030 <0.0061 <0.0054 <0.0038 0.00 <0.0038 <0.00144
Pr <0.0027 0.01 <0.0056 <0.0030 <0.0053 <0.0046 <0.00188
Nd <0.0145 <0.0209 0.05 <0.0184 <0.0228 <0.0140 <0.0089
Sm 0.01 <0.042 <0.040 <0.025 <0.0251 <0.033 <0.0136
Eu <0.0024 <0.0145 <0.0154 <0.0069 <0.0083 <0.0072 <0.0035
Gd <0.0140 <0.055 <0.072 <0.020 <0.029 <0.027 <0.0141
Tb 0.00 <0.0053 <0.0057 <0.0033 <0.0036 <0.0038 <0.00161
Dy <0.0100 <0.022 0.02 <0.0204 <0.0198 <0.0129 <0.0072
Ho 0.00 <0.0072 <0.0076 <0.0043 <0.0048 <0.0048 <0.00181
Er <0.0038 <0.031 <0.0210 <0.0091 <0.0206 <0.0208 <0.0077
Tm <0.00158 <0.0083 0.01 <0.0060 <0.0039 <0.0029 <0.00205
Yb <0.0071 <0.038 <0.052 <0.033 <0.030 <0.027 <0.0097
Lu 0.00 <0.0053 <0.0091 <0.0036 <0.0047 <0.0027 <0.00196
W <0.0051 0.07 0.05 <0.0215 0.01 <0.0183 <0.0068
Pb206 0.05 0.31 8.91 0.16 0.23 0.08 0.19
Pb207 0.05 0.19 10.36 3.25 0.93 0.05 0.29
Pb208 0.06 0.26 9.57 0.23 0.24 0.05 0.22
Bi <0.0045 0.02 <0.016 <0.0087 0.01 <0.0081 0.00
Th <0.00219 0.03 <0.0058 <0.0044 0.00 0.00 <0.0026
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Deposit H. George H. George M. Rockwell M. Rockwell M. Rockwell M. Rockwell M. Rockwell
Sample 038-4-1 038-4-2 K20025‐2‐1 K20025‐2‐2 K20025‐3‐1 K20025‐4‐1 K20025‐5‐1
Li 3.33 3.60 0.71 <0.62 <0.70 2.930 <0.51
Be 6.58 4.27 1.5 1.360 2.420 4.710 1.780
B <0.73 <0.91 <3.24 4.520 <3.11 <5.29 2.290
Mg 9793.94 9942.45 3638.49 3475.300 3556.590 3073.420 3397.930
Al 292280.19 292279.50 291193.56 291193.560 293416.410 293204.720 292781.310
Si 59.04 73.09 118.01 164.050 121.250 2301.500 <79.84
S <0.00 <0.00 <0.00 <0.00 <0.00 <0.00 <0.00
K 1.68 <1.40 <3.43 <2.84 <3.48 <5.72 <2.48
Sc <0.095 <0.099 0.403 0.370 0.298 0.810 0.456
Ti 25.76 10.02 28.85 26.340 39.300 17.140 35.500
V 432.61 473.55 168.83 173.710 167.720 148.810 195.260
Cr 767.18 727.02 163.98 172.740 127.160 117.370 175.810
Mn 510.71 482.72 2033.57 1960.420 2076.470 1708.950 1518.400
Fe 118218.89 129090.84 71773.39 66281.190 70947.850 54719.160 70109.540
Co 135.67 138.74 59.99 57.450 61.080 45.200 61.110
Ni 178.53 152.94 43.11 42.350 40.910 30.960 38.680
Cu 0.98 0.91 1.17 0.640 1.140 2.230 1.030
Zn 182637.27 186973.02 315286.31 315061.130 320775.560 224381.170 348958.250
Ga 439.21 426.85 100.71 95.180 102.610 62.180 94.900
Ge <0.47 0.58 4.31 4.080 6.320 <0.83 6.210
As <0.181 0.34 0.32 <0.29 <0.34 <0.54 <0.238
Rb <0.0210 <0.0217 <0.046 <0.042 0.038 0.102 <0.030
Sr 0.01 <0.0057 <0.0128 <0.0157 <0.0073 <0.0114 0.005
Y <0.0106 <0.0084 0.00091 0.045 <0.0096 0.188 <0.0078
Mo 0.14 0.19 0.091 <0.054 <0.073 <0.16 0.080
Ag <0.032 <0.031 <0.0263 <0.020 0.007 <0.048 0.010
Cd 1.77 1.44 13.67 13.180 12.790 3.050 8.090
Sn <0.039 0.04 0.228 0.250 <0.224 <0.35 0.181
Sb 0.05 0.02 <0.049 0.060 <0.035 0.170 <0.027
Ba 0.04 <0.028 <0.058 <0.0261 <0.057 0.360 <0.038
La <0.0025 0.00 <0.0072 0.052 0.005 0.281 0.008
Ce <0.0044 <0.0046 <0.0082 0.066 0.007 0.267 0.014
Pr <0.0029 <0.0041 <0.0048 0.015 <0.0048 <0.009 <0.0039
Nd <0.0193 <0.027 <0.029 <0.027 0.045 0.220 <0.0194
Sm <0.026 <0.033 0.0079 0.036 <0.024 <0.038 0.006
Eu <0.0080 <0.0083 <0.0102 <0.0093 <0.0072 <0.0225 0.006
Gd <0.029 <0.039 <0.049 <0.0224 <0.043 <0.038 <0.040
Tb <0.0037 <0.0045 0.0023 0.004 <0.0050 <0.00 <0.0033
Dy <0.0110 <0.0140 <0.0148 0.040 <0.036 <0.00 0.006
Ho <0.0034 <0.0025 0.00082 <0.0042 <0.0065 <0.00 <0.0050
Er <0.0208 <0.026 <0.0239 0.039 <0.034 <0.0263 <0.0112
Tm <0.0040 <0.0031 <0.0062 0.003 0.003 <0.0079 <0.0024
Yb <0.0210 <0.0253 <0.0228 <0.0253 <0.045 <0.071 <0.0262
Lu <0.0037 <0.0036 0.00125 <0.0049 <0.0066 <0.0084 <0.0044
W 0.01 <0.0178 <0.022 0.041 0.028 <0.00 <0.0148
Pb206 4.14 0.11 0.625 0.920 0.684 1.050 0.425
Pb207 4.81 0.09 0.742 0.530 0.518 1.090 0.393
Pb208 4.54 0.11 0.698 0.820 0.552 0.620 0.429
Bi 0.01 0.01 0.02 <0.016 <0.0212 0.021 <0.0129
Th <0.0036 <0.0049 0.0029 0.028 0.005 0.215 <0.0052
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Deposit M. Rockwell M. Rockwell M. Rockwell M. Rockwell M. Rockwell M. Rockwell
Sample K20025‐6‐1 K20025‐6‐2 K20026‐1‐1 K20026‐1‐2 K20026‐2‐1 K20026‐2‐2
Li <0.59 <0.73 0.610 0.610 0.760 <0.50
Be 1.330 1.970 1.720 2.280 1.590 2.390
B <2.29 4.160 1.510 <0.79 <1.49 3.590
Mg 3473.470 3513.840 869.820 852.610 962.640 944.490
Al 292516.690 292516.690 293310.590 293310.590 293257.660 293257.660
Si <90.88 <92.81 <68.86 331.400 171.970 1161.610
S <0.00 <0.00 <0.00 <0.00 <0.00 <0.00
K <2.84 <2.88 <2.02 31.180 10.830 172.380
Sc 0.330 <0.16 1.000 0.697 0.744 0.460
Ti 47.310 28.550 22.660 9.030 10.910 11.770
V 183.210 183.810 182.300 184.070 174.830 171.680
Cr 169.350 185.930 123.120 39.890 57.960 53.000
Mn 1774.340 1743.610 2401.220 2058.190 2077.850 2205.660
Fe 72496.250 71494.410 34038.870 31049.570 36118.710 34762.840
Co 66.590 68.430 68.910 61.220 72.130 68.400
Ni 43.480 41.580 28.990 25.450 27.840 27.180
Cu 0.850 1.290 1.300 0.920 0.950 0.350
Zn 343917.310 370475.840 340549.690 307620.880 356554.780 300327.470
Ga 99.060 104.750 80.030 70.040 79.910 73.890
Ge 6.410 4.030 3.900 3.360 3.450 4.700
As 0.300 <0.26 0.200 2.120 5.270 8.670
Rb <0.027 0.030 <0.0196 0.258 0.202 1.530
Sr 0.021 <0.0133 0.290 0.184 0.509 0.189
Y 0.003 <0.0050 0.088 9.000 0.025 0.108
Mo 0.083 <0.084 0.110 0.015 <0.068 <0.0239
Ag <0.026 <0.012 <0.0121 0.019 0.131 <0.0087
Cd 10.530 9.910 4.790 4.100 4.540 6.060
Sn 0.314 0.460 0.179 0.169 0.297 0.350
Sb 0.030 0.043 0.096 1.280 0.421 9.160
Ba 0.030 <0.095 <0.045 1.820 1.170 6.590
La <0.0068 0.003 0.007 1.267 0.026 0.068
Ce <0.0067 <0.0053 <0.0064 2.820 0.142 0.294
Pr <0.00249 <0.00 <0.00190 0.308 0.011 0.017
Nd <0.043 <0.0154 <0.0282 1.240 0.046 0.030
Sm <0.035 <0.044 0.009 0.331 <0.020 <0.0237
Eu <0.0092 <0.011 0.003 0.101 0.007 <0.00
Gd <0.0313 <0.052 <0.039 0.520 <0.031 0.025
Tb <0.0045 <0.0045 0.002 0.104 0.002 0.013
Dy <0.0108 <0.00 0.015 1.009 0.011 0.012
Ho <0.0039 <0.0063 <0.0056 0.242 <0.0043 0.009
Er <0.0123 <0.0251 <0.0165 0.888 <0.0196 0.047
Tm <0.0052 <0.0038 0.005 0.123 0.003 0.005
Yb 0.018 <0.0240 0.042 0.934 <0.0107 <0.0131
Lu 0.005 <0.0040 <0.0043 0.153 0.001 <0.0038
W <0.059 0.082 <0.0180 0.198 0.176 0.510
Pb206 0.734 1.170 1.270 19.260 241.060 16.000
Pb207 0.634 0.490 0.500 21.200 289.640 19.190
Pb208 0.536 0.593 0.431 19.720 274.310 17.830
Bi 0.014 <0.017 <0.0110 0.010 0.009 <0.0099
Th <0.0057 <0.0058 0.014 1.530 0.016 0.038
Table A5. (Cont.) O'Brien et al.
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Deposit M. Rockwell M. Rockwell M. Rockwell M. Rockwell M. Rockwell M. Rockwell
Sample K20026‐3‐1 K20026‐3‐2 K20026‐4‐1 K20026‐5‐1 K20026‐5‐2 K20026‐6‐1
Li 1.010 2.580 0.410 0.880 0.420 <0.29
Be 1.480 1.150 1.330 0.930 2.640 1.920
B <1.90 3.610 2.760 6.280 2.100 <1.35
Mg 958.640 1085.260 934.730 946.790 1005.040 898.620
Al 292781.340 292781.340 294157.410 291193.590 291193.590 291193.590
Si 146.340 52404.250 14500.830 1379.780 <60.10 <46.79
S <0.00 <0.00 <0.00 <0.00 <0.00 <0.00
K <2.17 1078.930 39.510 282.910 10.930 3.280
Sc 0.725 4.330 0.920 0.777 0.469 0.634
Ti 23.910 876.500 11.620 12.150 12.620 13.590
V 169.420 173.990 172.660 171.260 176.290 181.220
Cr 49.840 48.540 59.800 55.680 52.430 82.280
Mn 2485.890 2553.410 2071.820 2165.520 2034.440 2046.890
Fe 37361.250 39151.710 36478.840 36398.000 35902.230 33629.840
Co 70.450 70.130 72.860 69.910 68.820 66.630
Ni 27.790 29.510 30.350 27.590 27.370 28.220
Cu 1.010 1.070 1.150 1.250 0.930 0.800
Zn 297493.720 308102.060 348442.470 315814.750 289080.280 312686.250
Ga 75.000 79.900 81.460 78.180 70.150 73.510
Ge 4.060 7.850 5.710 4.750 3.210 3.920
As <0.186 10.620 9.050 21.840 1.040 0.560
Rb <0.027 2.210 1.040 2.960 0.108 0.031
Sr <0.00 5.420 0.221 0.487 0.389 <0.0068
Y 0.016 11.950 1.940 0.219 1.360 0.007
Mo <0.078 0.112 0.139 0.044 <0.047 0.079
Ag <0.0162 0.143 0.013 <0.0134 <0.0152 <0.0116
Cd 6.290 5.430 6.710 6.170 4.530 8.330
Sn <0.145 0.550 0.151 <0.099 <0.117 0.118
Sb 0.062 5.670 2.610 10.470 0.490 0.354
Ba <0.0249 43.500 0.335 6.390 0.375 0.032
La 0.109 80.720 12.770 0.034 0.395 <0.00227
Ce 0.281 165.860 24.860 0.099 1.380 <0.0039
Pr 0.020 17.160 2.540 0.010 0.151 <0.00297
Nd 0.047 61.430 9.200 0.037 0.629 <0.0081
Sm <0.00 9.590 1.430 0.034 0.268 <0.00
Eu <0.0110 2.370 0.377 0.008 0.064 <0.0085
Gd <0.0219 5.920 0.960 0.029 0.184 0.017
Tb <0.0038 0.636 0.108 0.005 0.032 <0.0031
Dy 0.008 3.200 0.486 0.053 0.192 <0.0116
Ho <0.0033 0.453 0.060 0.008 0.054 <0.0030
Er <0.0213 1.000 0.216 <0.017 0.133 <0.0134
Tm <0.0045 0.100 0.017 0.003 0.016 <0.00199
Yb <0.020 0.470 0.125 0.030 0.104 <0.0127
Lu <0.0041 0.048 0.021 <0.0041 0.012 <0.00151
W <0.0142 1.550 0.297 0.634 0.104 <0.0155
Pb206 0.344 101.610 22.130 15.770 2.770 0.650
Pb207 0.311 118.990 25.650 18.980 3.360 0.740
Pb208 0.256 113.630 23.660 17.440 4.090 0.880
Bi 0.011 <0.0067 <0.0062 <0.0087 <0.0074 0.011
Th 0.014 22.000 2.920 0.019 0.065 0.001
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Deposit M. Rockwell Mutooroo Mutooroo Mutooroo Mutooroo Mutooroo Mutooroo
Sample K20026‐6‐2 M1-1-1 M1-3-2 M1-4-1 M1-5-1 M1-6-1 M1-7-1
Li 0.430 4.01 3.98 2.89 4.34 4.59 5.51
Be 2.210 3.07 2.93 4.09 3.13 4.07 3.60
B 1.260 <1.49 <1.28 <1.41 <1.53 <1.20 <1.20
Mg 928.670 10194.95 10368.55 10164.02 9953.26 10238.29 10228.89
Al 291193.590 298125.59 295532.38 295161.88 293997.56 293203.56 292885.97
Si <35.48 34.75 65.40 <35.99 77.61 42.49 <28.94
S <0.00 <0.00 <0.00 <0.00 <0.00 <0.00 <0.00
K <1.04 <2.35 2.43 <2.49 <2.43 <2.04 <2.04
Sc 0.667 <0.108 <0.089 <0.118 <0.110 <0.090 0.12
Ti 18.420 6.45 2.73 2.28 2.80 6.70 2.00
V 183.930 144.44 149.53 143.54 143.03 163.86 147.91
Cr 83.070 1.43 5.14 1.14 1.10 26.30 21.74
Mn 2126.090 1009.70 1024.65 999.25 1009.29 1104.15 1074.75
Fe 34543.120 80847.33 80167.37 79892.10 78589.23 88848.24 85699.80
Co 68.370 64.52 66.14 63.39 64.30 70.80 70.93
Ni 28.170 24.46 28.39 27.48 27.47 21.42 25.83
Cu 1.110 9.31 10.85 10.26 9.50 9.41 9.88
Zn 345070.310 320469.25 351116.72 339080.66 320867.34 306730.78 317899.25
Ga 78.520 100.06 100.93 105.22 103.84 157.00 166.64
Ge 3.750 <0.50 <0.40 <0.51 <0.48 <0.39 <0.42
As 0.250 <0.201 <0.163 <0.222 <0.196 <0.160 <0.169
Rb <0.0113 <0.0201 0.03 <0.0236 <0.0211 <0.0165 <0.0191
Sr 0.019 <0.0067 0.03 0.02 <0.0049 <0.0045 <0.0038
Y 0.006 <0.0073 <0.0055 <0.0058 <0.0068 <0.0060 0.00
Mo 0.047 <0.074 <0.058 <0.078 <0.063 <0.062 <0.054
Ag 0.074 <0.0218 <0.0160 0.02 <0.0208 <0.0185 <0.0168
Cd 5.360 4.29 3.29 4.32 5.33 5.73 5.15
Sn 0.182 0.05 0.05 0.06 0.10 <0.036 <0.038
Sb 0.433 <0.0226 0.02 <0.0141 <0.0139 <0.0139 <0.0102
Ba 0.053 <0.0200 0.15 0.02 <0.0159 <0.023 <0.0106
La <0.0024 <0.0035 <0.0026 <0.00228 <0.00225 <0.0023 <0.0021
Ce <0.0027 <0.00240 <0.0025 <0.0031 <0.0044 <0.0039 0.00
Pr 0.001 <0.0028 <0.00210 <0.0042 <0.00184 <0.00251 0.00
Nd <0.0095 <0.0149 <0.0085 0.01 <0.0183 <0.0118 <0.0100
Sm <0.0128 <0.0219 0.01 <0.0176 0.00 <0.0148 <0.0130
Eu <0.0039 <0.0056 <0.0035 <0.0052 <0.0044 <0.0023 <0.0059
Gd <0.0094 <0.0199 <0.0192 <0.0148 <0.0224 <0.0122 <0.0098
Tb <0.00188 <0.00207 <0.00187 0.00 <0.00232 0.00 <0.00233
Dy <0.0097 <0.0105 0.00 <0.0098 0.01 0.00 0.01
Ho <0.00224 <0.00187 <0.0022 <0.00123 <0.00122 <0.0030 0.00
Er <0.0091 <0.0069 <0.0044 <0.0111 <0.0095 <0.0061 <0.0097
Tm <0.00165 <0.00178 <0.00131 <0.00203 <0.00258 <0.00210 <0.00154
Yb <0.0105 <0.0185 <0.0167 0.00 <0.0194 <0.0149 0.00
Lu <0.00289 <0.00265 <0.00170 0.00 <0.00122 <0.00111 <0.00163
W 0.016 0.00 <0.0081 <0.0125 <0.0101 <0.0092 <0.0082
Pb206 1.120 0.06 0.23 0.18 0.07 0.04 0.11
Pb207 1.530 0.08 0.26 0.17 0.06 0.04 0.09
Pb208 1.370 0.07 0.30 0.19 0.06 0.04 0.09
Bi 0.014 0.01 <0.0044 0.01 0.01 0.00 0.01
Th <0.00209 0.00 <0.0023 <0.0029 <0.0041 <0.00185 <0.0027
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Deposit Mutooroo Mutooroo Mutooroo Mutooroo Mutooroo Mutooroo Mutooroo
Sample M1-8-1 M1-8-2 M2B-3-1 M2B-4-1 M2B-4-2 M2B-5-1 M2B-6-1
Li 1.85 3.98 3.99 4.64 5.40 6.58 7.57
Be 2.57 4.71 4.22 4.64 4.10 3.74 5.21
B 1.60 <1.30 2.79 <2.37 3.46 <1.83 <2.46
Mg 10257.85 10954.03 11269.41 11989.88 12665.18 11993.30 11933.64
Al 296908.16 296908.22 300514.44 301838.38 303267.59 300462.69 299510.47
Si 131.63 48.55 <60.69 92.45 149.14 61.85 <56.48
S <0.00 <0.00 <0.00 <0.00 <0.00 <0.00 <0.00
K <2.06 <2.24 <4.20 5.46 <3.35 <2.85 <3.92
Sc <0.092 <0.096 <0.182 <0.141 <0.150 <0.126 <0.173
Ti 2.96 9.51 <0.74 1.93 1.10 1.43 0.86
V 151.00 149.98 92.55 168.62 132.63 181.06 149.75
Cr 75.77 9.21 446.18 374.33 398.01 490.08 213.15
Mn 1048.59 1128.79 576.16 583.50 592.50 592.69 610.49
Fe 85696.10 90457.68 74168.96 77958.25 77953.86 78348.69 82208.13
Co 65.12 72.14 43.63 43.99 42.40 45.05 50.26
Ni 24.43 26.46 2.51 4.15 3.41 4.21 3.73
Cu 10.60 9.69 11.39 14.69 8.69 10.26 9.59
Zn 330791.25 310695.84 273903.81 236980.72 212777.92 250534.52 242333.13
Ga 144.97 144.01 122.71 103.28 99.65 113.95 109.57
Ge <0.38 <0.43 <0.86 <0.65 <0.67 <0.56 <0.76
As 0.34 0.19 <0.32 <0.26 <0.29 <0.25 <0.36
Rb <0.0210 <0.0188 <0.036 0.04 <0.028 <0.024 <0.038
Sr 0.04 <0.0046 <0.0043 0.06 0.01 <0.0039 0.00
Y 0.01 <0.0052 <0.0104 0.07 <0.0086 0.01 <0.0052
Mo <0.059 <0.063 <0.112 <0.086 <0.099 <0.077 <0.089
Ag <0.0166 <0.0095 <0.039 <0.024 <0.038 <0.025 <0.045
Cd 4.19 4.81 4.67 4.08 4.05 7.74 4.83
Sn 0.07 <0.040 <0.072 <0.059 <0.053 0.06 0.08
Sb <0.0151 <0.0111 <0.029 <0.023 <0.024 <0.0206 <0.036
Ba 0.02 <0.018 <0.047 0.04 <0.044 <0.0149 <0.031
La 0.00 <0.0041 <0.0041 0.02 0.00 <0.00212 <0.0054
Ce 0.00 <0.0025 0.00 0.02 <0.0043 <0.0039 0.00
Pr <0.00229 <0.0038 <0.0027 0.00 <0.0023 <0.0034 <0.0057
Nd <0.0132 0.01 <0.0223 <0.0137 <0.0130 <0.0140 <0.0104
Sm <0.0097 <0.0175 <0.034 <0.0225 <0.021 <0.0216 <0.024
Eu <0.0040 <0.0030 <0.0092 <0.0033 <0.0044 <0.0079 <0.0060
Gd <0.0163 <0.0196 <0.038 <0.0153 0.01 <0.0136 <0.0232
Tb <0.00159 <0.00135 <0.0049 0.00 <0.0045 <0.0027 <0.0043
Dy <0.0076 <0.0079 <0.023 <0.0124 0.01 <0.0110 <0.0066
Ho <0.00166 <0.00200 <0.00255 <0.0035 <0.00297 0.00 <0.0033
Er <0.0087 <0.0119 <0.0114 <0.0156 <0.0067 <0.0072 <0.0129
Tm <0.00129 0.00 <0.0024 <0.0015 <0.0037 <0.0030 <0.00158
Yb 0.00 <0.0147 <0.015 <0.0132 <0.022 0.01 <0.0224
Lu <0.00136 0.00 <0.0018 <0.0027 <0.0042 <0.00224 0.00
W 0.01 <0.0058 <0.0152 <0.0131 <0.0197 <0.0067 <0.0240
Pb206 2.13 0.09 <0.019 7.90 0.28 0.10 0.03
Pb207 2.46 0.07 0.05 9.60 0.35 0.04 <0.038
Pb208 2.28 0.09 0.03 8.78 0.31 0.05 0.02
Bi 0.01 <0.0025 0.01 0.01 <0.0074 0.01 0.01
Th <0.0036 0.00 <0.0039 0.11 <0.0040 <0.0030 0.00
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Deposit Mutooroo Mutooroo Mutooroo Mutooroo Mutooroo Mutooroo Mutooroo
Sample M2B-6-2 M3A-2-2 M3A-3-1 M3A-4-1 M3A-5-1 M3A-6-1 M4B-1-1
Li 5.42 5.69 3.91 2.92 3.77 6.88 5.08
Be 4.07 2.64 4.17 2.15 3.16 2.65 4.04
B <2.26 <1.68 <1.58 <1.70 <2.14 <2.06 <0.46
Mg 11983.04 7151.88 6834.87 7436.40 6858.74 7051.18 7657.18
Al 299510.66 292571.91 293206.94 294794.66 293736.13 293789.03 297068.47
Si 51.89 82.55 48.72 51.86 64.03 80.07 19.18
S <0.00 <0.00 <0.00 <0.00 <0.00 <0.00 <0.00
K 11.38 7.09 10.45 18.44 5.77 22.14 <0.75
Sc <0.154 0.17 <0.085 <0.102 0.13 <0.131 <0.032
Ti 2.45 2.58 2.08 3.67 1.45 2.45 7.52
V 166.01 53.42 56.62 48.01 45.27 56.92 168.45
Cr 211.16 61.60 105.44 24.71 81.79 68.93 4.23
Mn 590.87 1395.04 1330.67 1503.58 1360.54 1400.67 923.01
Fe 81068.87 59043.64 59284.30 60236.58 61292.01 60657.38 95998.95
Co 45.21 90.77 92.42 95.51 100.86 94.86 83.18
Ni 3.94 3.80 2.75 3.39 3.57 3.53 23.68
Cu 9.24 10.10 9.37 9.71 10.00 9.44 7.65
Zn 231095.47 288107.50 261499.28 274285.13 267905.47 262234.59 189362.94
Ga 104.26 86.27 88.00 96.59 95.26 86.85 115.88
Ge <0.73 <0.44 <0.45 <0.46 <0.61 <0.61 <0.158
As <0.29 0.22 <0.22 <0.24 0.45 <0.28 0.10
Rb 0.04 0.04 0.05 0.05 <0.027 0.10 <0.0072
Sr 0.01 <0.0051 0.01 0.01 <0.0041 0.05 0.00
Y <0.0053 <0.0060 <0.0031 <0.0068 <0.0076 <0.0078 <0.0020
Mo <0.101 0.07 0.17 <0.060 <0.096 <0.086 0.02
Ag <0.0171 <0.0151 <0.022 <0.0164 <0.025 <0.0203 0.01
Cd 4.64 7.39 10.41 6.59 8.76 7.04 3.86
Sn <0.064 <0.040 <0.038 0.08 0.07 <0.054 0.04
Sb <0.027 <0.0162 <0.0109 0.02 <0.0210 0.04 <0.0058
Ba 0.10 0.14 0.24 0.70 0.13 1.21 <0.0090
La <0.0041 <0.00183 <0.0029 0.00 <0.0033 <0.0045 <0.00104
Ce 0.00 <0.00255 <0.00 <0.0027 <0.0040 <0.0024 0.00
Pr <0.0033 <0.00258 <0.0025 <0.0034 <0.0035 <0.0028 <0.00066
Nd <0.0149 0.01 <0.0075 <0.0095 <0.0080 <0.0202 <0.0025
Sm <0.0224 <0.0147 0.01 0.03 0.01 <0.0136 <0.0054
Eu <0.0065 <0.0037 <0.0036 <0.0051 0.00 <0.0062 0.00
Gd <0.0137 <0.0200 <0.0157 <0.018 <0.0236 <0.024 <0.0048
Tb <0.00190 <0.00143 <0.0017 <0.00187 0.00 <0.0019 0.00
Dy <0.0078 <0.0059 <0.0061 <0.0100 <0.0074 0.01 <0.0038
Ho <0.00139 <0.00234 <0.00248 <0.00158 <0.00186 <0.0027 <0.00086
Er <0.0152 0.00 <0.0096 <0.00 <0.0145 <0.0086 <0.0041
Tm <0.00227 0.00 <0.0020 <0.0010 0.00 <0.00128 <0.00076
Yb <0.0187 <0.0166 <0.0149 <0.0067 <0.0194 <0.0141 <0.0057
Lu <0.0034 <0.00104 <0.00152 <0.0025 0.00 <0.0027 0.00
W <0.0141 <0.0089 0.05 <0.0135 0.00 0.02 <0.0042
Pb206 0.24 0.08 0.12 0.08 <0.027 0.17 0.07
Pb207 0.24 0.07 0.12 0.08 0.03 0.14 0.08
Pb208 0.35 0.07 0.06 0.08 0.05 0.17 0.08
Bi <0.0069 0.01 0.01 0.01 0.01 <0.0103 0.01
Th <0.0048 <0.00222 <0.0032 <0.0033 <0.0034 <0.0035 <0.00045
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Deposit Mutooroo Mutooroo Mutooroo Mutooroo Mutooroo Mutooroo Mutooroo
Sample M4B-2-1 M4B-2-2 M4B-3-1 M4B-4-1 M4B-4-2 M4B-5-1 M4B-6-2
Li 6.55 7.32 5.34 6.48 10.54 5.18 3.89
Be 4.71 4.28 5.02 4.26 4.34 4.22 4.08
B <0.43 0.57 0.63 <0.46 0.65 <0.51 1.13
Mg 7876.55 7848.25 8128.80 8062.22 8347.38 7946.92 7934.52
Al 295745.28 295745.31 297385.97 299079.59 299079.59 296168.72 296962.66
Si 29.18 32.07 125.50 29.07 39.12 18.87 60.21
S <0.00 <0.00 <0.00 <0.00 <0.00 <0.00 <0.00
K <0.67 <0.88 25.10 <0.80 <0.59 <0.92 6.14
Sc 0.14 0.16 0.05 0.07 0.21 0.05 <0.036
Ti 17.58 29.48 12.48 12.07 37.25 17.36 11.56
V 194.01 188.10 173.20 174.99 182.96 188.82 180.48
Cr 1.71 2.08 3.07 2.19 4.25 2.62 3.52
Mn 1388.80 1129.18 1120.03 1653.42 1687.27 370.14 470.38
Fe 102895.85 99849.38 103196.34 103902.30 105334.20 95890.55 96511.32
Co 80.36 82.46 83.77 80.73 79.04 109.30 107.89
Ni 24.12 23.65 24.69 24.74 24.57 23.84 22.22
Cu 8.64 8.15 8.27 7.26 8.45 9.20 8.97
Zn 223774.44 216512.89 220420.34 189397.25 219353.66 228842.30 215631.50
Ga 125.03 118.21 142.04 128.04 119.90 116.01 137.70
Ge 0.35 0.27 0.27 0.42 0.28 <0.178 0.27
As <0.063 <0.081 <0.069 <0.076 0.10 <0.078 0.42
Rb <0.0060 <0.0075 0.18 <0.0082 <0.0057 <0.0085 0.07
Sr <0.00132 <0.00232 0.04 0.00 0.00 <0.0022 0.65
Y <0.00167 <0.00292 0.00 <0.0027 <0.00094 0.00 0.01
Mo 0.07 0.06 0.04 <0.024 0.10 0.06 <0.028
Ag <0.0058 0.01 <0.0058 <0.0078 <0.0062 0.02 <0.0067
Cd 3.24 3.07 3.08 3.86 2.32 2.71 3.73
Sn 0.02 0.06 0.04 0.05 0.04 0.04 0.06
Sb <0.0055 <0.0079 0.01 <0.0048 <0.0032 <0.0089 0.06
Ba 0.01 0.02 0.40 0.09 0.01 0.01 0.97
La <0.00089 0.00 0.06 0.00 0.00 <0.00112 0.00
Ce 0.00 0.00 0.00 0.00 <0.00068 <0.00095 0.01
Pr <0.00066 <0.00126 <0.00098 0.00 <0.00046 <0.00090 <0.00096
Nd 0.00 <0.0056 <0.0038 0.00 <0.00190 <0.0026 0.01
Sm 0.01 0.01 <0.0050 <0.0047 <0.0047 <0.0069 <0.0060
Eu <0.00142 <0.00133 <0.00112 <0.00117 <0.00150 <0.00200 0.00
Gd <0.0040 <0.0045 0.01 <0.0039 0.01 <0.0052 <0.0063
Tb 0.00 <0.00062 0.00 <0.00054 <0.00047 <0.00093 <0.00108
Dy 0.00 <0.0032 <0.0031 <0.0037 <0.00197 <0.0030 0.01
Ho <0.00083 <0.00065 <0.00031 <0.00099 <0.00058 <0.00097 <0.00092
Er <0.0031 0.00 <0.00243 <0.0039 0.00 <0.0051 <0.00168
Tm <0.00089 <0.00086 0.00 0.00 <0.00072 <0.00081 <0.00106
Yb <0.0042 <0.0062 <0.0050 0.01 <0.0023 <0.00 <0.0039
Lu <0.00052 <0.00079 <0.00063 <0.00046 <0.00044 <0.00075 <0.00053
W 0.01 <0.0048 0.02 <0.0049 <0.00 0.00 0.04
Pb206 0.09 0.08 1.71 0.11 0.06 2.36 7.87
Pb207 0.08 0.05 1.99 0.15 0.05 2.65 9.23
Pb208 0.08 0.06 1.91 0.14 0.06 2.56 8.61
Bi 0.01 0.01 0.01 0.01 0.00 0.01 0.02
Th <0.00071 0.00 <0.00084 <0.00086 0.00 <0.00092 <0.00124
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Deposit Mutooroo Mutooroo Mutooroo Mutooroo Mutooroo Mutooroo Mutooroo
Sample M4B-7-1 M4B-7-2 M5B-1-1 M5F-1-1 M5F-1-2 M5F-1-3 M5F-2-1
Li 3.48 4.62 <2.80 4.76 4.75 6.02 5.63
Be 4.30 4.22 2.62 2.31 2.35 2.61 2.51
B <0.79 <0.45 <2.11 <1.07 <1.09 <0.89 <1.08
Mg 7580.59 8025.16 13489.57 7285.03 7595.39 7503.12 7335.15
Al 295745.53 295745.50 299024.41 294633.56 294633.56 294633.59 296591.78
Si 38.10 29.64 71.07 31.01 36.72 <14.62 35.53
S <0.00 <0.00 <0.00 <0.00 <0.00 <0.00 <0.00
K 6.69 2.03 <3.60 <1.24 <1.29 <1.06 <1.36
Sc 0.09 0.20 0.97 <0.043 <0.044 <0.038 <0.046
Ti 10.18 15.31 42.08 1.68 2.35 1.88 2.24
V 178.58 182.14 148.69 63.78 71.05 69.88 66.22
Cr 4.31 4.59 79.21 5.34 5.37 5.69 5.97
Mn 878.88 534.29 393.22 810.41 768.63 789.97 783.82
Fe 99627.59 94554.73 103958.34 58359.41 57611.84 57492.90 57627.83
Co 85.08 96.80 105.96 40.93 39.61 39.67 40.73
Ni 24.19 22.87 11.24 1.77 1.23 1.14 1.13
Cu 9.12 9.06 10.27 7.77 8.11 8.01 8.57
Zn 215044.14 217062.44 240589.59 247303.11 241548.25 238401.28 254158.44
Ga 126.07 109.44 120.93 94.54 91.38 85.51 94.71
Ge 0.34 <0.129 <0.69 <0.175 <0.171 0.22 <0.190
As <0.125 <0.061 0.44 <0.236 <0.198 <0.149 <0.189
Rb 0.02 <0.0059 <0.026 <0.0097 <0.0096 <0.0075 <0.0109
Sr 0.00 0.01 0.03 <0.00087 0.00 <0.00117 0.00
Y 0.00 0.01 0.01 <0.00172 <0.00130 <0.00073 <0.00188
Mo 0.05 <0.0173 <0.110 0.04 0.02 0.04 0.02
Ag <0.0092 0.01 <0.047 <0.0042 <0.0036 0.00 <0.0046
Cd 4.51 2.85 3.32 12.71 8.48 6.75 7.27
Sn 0.03 0.04 0.08 0.04 0.05 <0.0162 0.02
Sb 0.01 <0.0065 <0.0223 <0.0084 <0.0060 <0.0043 <0.0063
Ba <0.0105 <0.0076 0.08 <0.0068 0.41 <0.0046 <0.0075
La 0.00 0.00 <0.0054 <0.00094 <0.00149 <0.00063 <0.00089
Ce <0.00101 <0.00074 0.01 0.01 <0.00147 <0.00062 <0.00113
Pr <0.00195 <0.00038 <0.0018 <0.00055 <0.00065 <0.00073 <0.00060
Nd 0.01 <0.00275 0.01 <0.0033 <0.0039 <0.0038 <0.0036
Sm <0.0081 <0.0041 <0.0121 <0.0047 <0.0091 0.00 <0.0051
Eu <0.00165 <0.00152 0.00 <0.00110 0.00 <0.00 <0.00170
Gd <0.0067 <0.0050 <0.029 <0.0044 0.00 <0.00239 <0.0055
Tb <0.00108 <0.00061 <0.00279 <0.00063 <0.00097 <0.00077 <0.00056
Dy 0.00 <0.00231 0.01 0.00 <0.00180 <0.00247 <0.00164
Ho <0.00056 <0.00078 <0.00167 <0.00065 <0.00064 0.00 <0.00071
Er <0.0056 <0.00163 <0.0168 <0.0029 0.00 <0.00226 <0.00183
Tm 0.00 <0.00034 <0.0039 0.00 <0.00074 <0.00034 <0.00067
Yb <0.0067 <0.0035 0.01 <0.0040 0.00 <0.00217 <0.0035
Lu 0.00 0.00 0.00 0.00 <0.00064 <0.00051 <0.00058
W <0.0048 0.00 <0.0101 <0.0042 <0.0050 <0.00200 0.00
Pb206 0.06 1.25 0.51 0.02 0.08 0.02 0.03
Pb207 0.06 1.50 0.65 0.02 0.08 0.02 0.03
Pb208 0.05 1.38 0.62 0.02 0.09 0.03 0.02
Bi 0.01 0.00 0.03 0.02 0.01 0.02 0.02
Th <0.00114 <0.00 0.01 <0.00055 0.00 <0.00148 <0.00
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Deposit Mutooroo Mutooroo Mutooroo Mutooroo Mutooroo Mutooroo Mutooroo
Sample M5F-2-3 M5F-2-4 M5F-3-1 M5F-3-2 M5F-4-1 M5F-4-2 M5F-4-3
Li 5.54 5.21 4.08 5.12 5.00 5.48 5.43
Be 1.97 2.67 2.49 2.43 2.40 2.25 2.17
B <1.08 1.10 <1.30 <1.20 <1.41 <1.21 <1.05
Mg 7332.62 7620.92 7397.51 7572.24 7295.49 7342.82 7347.48
Al 296591.81 296591.81 299714.41 299714.41 295268.66 295268.69 295268.69
Si 37.56 52.08 33.28 47.20 32.19 43.19 20.41
S <0.00 <0.00 <0.00 <0.00 <0.00 <0.00 <0.00
K <1.46 <1.12 <1.56 <1.36 <1.55 <1.63 <1.28
Sc <0.049 <0.039 <0.057 <0.046 <0.050 <0.058 <0.046
Ti 1.46 1.65 2.03 1.91 1.78 1.80 1.72
V 66.90 68.30 76.23 74.40 64.09 62.39 64.53
Cr 6.72 6.31 11.93 18.32 5.73 6.58 7.11
Mn 746.82 773.45 699.04 759.66 838.68 777.56 759.20
Fe 56476.26 57705.79 56774.13 56746.27 57580.17 56654.89 55809.50
Co 40.16 40.60 40.08 39.75 41.00 40.38 38.89
Ni 0.80 1.03 1.05 17.02 1.21 0.93 1.02
Cu 8.64 8.37 9.15 21.42 8.04 8.51 7.87
Zn 251428.59 246421.52 248801.02 235672.94 244347.14 238912.09 228845.23
Ga 90.96 87.20 92.10 87.31 92.49 89.51 84.39
Ge <0.185 0.22 <0.216 <0.164 <0.199 <0.207 0.18
As <0.198 <0.141 <0.181 <0.156 0.31 0.24 <0.126
Rb <0.0120 <0.0079 <0.0105 <0.0093 <0.0126 <0.0123 <0.0096
Sr <0.00159 <0.00211 0.00 <0.00249 <0.00168 <0.00215 <0.00131
Y <0.00222 0.00 0.00 <0.00197 <0.00182 <0.00268 <0.00142
Mo 0.03 0.04 <0.0225 0.04 <0.024 0.03 <0.0178
Ag <0.0047 0.01 0.01 0.04 0.00 <0.0053 <0.0051
Cd 6.39 4.99 6.49 5.15 5.67 5.21 4.55
Sn 0.03 0.04 0.06 0.07 0.03 0.02 0.03
Sb <0.0046 <0.0040 0.01 <0.0052 <0.0069 <0.0065 <0.0058
Ba 0.01 0.01 0.01 0.01 <0.0114 0.00 <0.0115
La <0.00086 <0.00104 <0.00066 0.00 <0.00111 0.00 <0.00071
Ce <0.00179 <0.00079 <0.00113 <0.00102 0.00 0.00 <0.00098
Pr <0.00122 <0.00054 <0.00094 0.00 <0.00053 <0.00055 <0.00041
Nd <0.0030 <0.0068 <0.0056 <0.0029 <0.0044 0.00 0.00
Sm <0.0077 0.00 <0.0065 <0.0034 <0.0052 <0.0076 0.00
Eu <0.00174 <0.00217 0.00 <0.00198 <0.00183 0.00 <0.00184
Gd <0.0046 <0.0043 <0.0086 <0.0056 <0.0034 <0.0036 <0.0038
Tb <0.00081 <0.00062 <0.00051 0.00 <0.00049 <0.00102 <0.00054
Dy 0.00 <0.0039 <0.0030 <0.0033 <0.00203 <0.0037 0.00
Ho <0.00097 <0.00074 <0.00074 <0.00068 <0.00088 0.00 <0.00089
Er <0.0037 <0.0029 <0.0053 0.00 <0.0039 <0.0047 <0.0031
Tm <0.00065 0.00 <0.00112 <0.00078 0.00 0.00 <0.00065
Yb <0.0059 <0.0039 <0.0055 0.00 <0.00309 <0.0064 <0.0034
Lu <0.00069 <0.00052 <0.00106 <0.00096 <0.00102 <0.00092 <0.00069
W 0.00 <0.0036 <0.0030 0.01 0.00 0.00 <0.0039
Pb206 0.05 0.03 0.17 0.62 0.05 0.02 0.03
Pb207 0.08 0.03 0.14 1.26 0.02 0.01 0.03
Pb208 0.07 0.03 0.07 0.57 0.02 0.02 0.03
Bi 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Th 0.00 <0.00054 <0.00173 <0.00070 <0.00106 0.00 <0.00083
Table A5. (Cont.) O'Brien et al.
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Deposit Mutooroo Mutooroo Mutooroo Mutooroo Mutooroo Mutooroo Mutooroo
Sample M5F-5-1 M5F-5-2 M5F-6-2 M5F-6-3 M6A-4-1 M6A-5-1 M6A-5-2
Li 4.98 <3.29 6.42 2.75 <1.74 2.87 3.29
Be 1.88 3.38 2.32 2.17 3.92 3.76 3.25
B 2.04 <2.57 <1.92 <1.41 <1.57 <1.50 <1.18
Mg 7412.85 7399.39 7286.93 7255.96 11800.25 12011.69 11518.79
Al 295321.59 295321.63 295956.72 295956.72 296646.31 296645.97 296646.09
Si 39.71 57.99 31.33 40.85 51.35 73.52 113.05
S <0.00 <0.00 <0.00 <0.00 <0.00 <0.00 <0.00
K <2.14 <3.26 <2.23 <1.90 67.61 2.74 25.23
Sc <0.069 <0.104 <0.075 <0.063 0.22 0.11 <0.092
Ti 1.99 2.45 1.73 2.03 9.74 18.74 9.77
V 69.80 89.55 75.43 66.25 139.70 162.43 133.90
Cr 15.16 43.60 10.48 8.06 149.30 188.43 163.56
Mn 748.28 737.34 735.61 905.35 689.09 689.41 662.32
Fe 57568.14 58284.54 55910.35 57928.91 73616.34 75635.93 72657.00
Co 40.29 40.85 39.07 40.17 51.19 46.14 60.76
Ni 0.99 1.27 1.04 1.18 14.55 16.85 15.16
Cu 8.80 7.35 8.19 8.10 10.75 10.30 10.82
Zn 238388.11 221426.08 227234.17 221866.67 229383.45 225156.33 222851.19
Ga 89.70 89.51 88.03 87.35 135.17 153.70 141.96
Ge 0.30 <0.43 <0.31 <0.240 <0.48 0.52 <0.36
As <0.23 <0.33 <0.231 0.25 0.19 <0.184 0.41
Rb <0.0173 <0.027 <0.0177 <0.0154 <0.0198 <0.0189 0.26
Sr 0.00 0.07 <0.00192 0.00 0.22 0.00 0.01
Y 0.00 <0.00202 <0.0034 0.00 <0.0083 0.01 0.01
Mo 0.06 <0.036 <0.028 0.04 <0.075 <0.042 <0.057
Ag <0.0057 <0.0079 <0.0142 <0.0039 <0.0190 <0.0148 0.03
Cd 6.24 7.08 5.00 4.45 4.04 5.86 5.16
Sn <0.031 0.07 0.04 0.04 0.06 0.08 0.11
Sb <0.0109 0.01 <0.0129 <0.0053 <0.0150 <0.0181 0.02
Ba 0.02 0.04 0.01 0.05 <0.025 <0.0194 0.19
La <0.0022 <0.0027 <0.00253 <0.00120 0.00 <0.00278 <0.0025
Ce <0.0033 <0.0027 0.05 0.00 <0.0024 <0.0047 <0.0027
Pr <0.00102 <0.00142 <0.00147 <0.00120 <0.0037 0.00 <0.00201
Nd <0.0096 <0.0119 0.01 0.00 <0.0068 <0.00 <0.0101
Sm <0.0122 0.01 0.00 <0.0083 <0.0114 <0.0218 <0.018
Eu <0.0029 <0.0035 0.00 <0.00196 <0.0066 <0.0031 <0.00281
Gd <0.0066 <0.0092 <0.0110 <0.0090 <0.0111 0.00 <0.021
Tb 0.00 <0.00132 0.00 <0.00064 <0.0026 <0.00177 <0.00243
Dy <0.0056 <0.0039 <0.0033 0.00 <0.0128 <0.0086 <0.0095
Ho 0.00 <0.00 <0.00116 <0.00149 <0.0038 <0.0029 <0.00291
Er <0.0044 0.01 <0.0036 0.00 <0.0124 <0.0084 <0.0043
Tm <0.00066 <0.0018 <0.00205 <0.00089 <0.00240 <0.00251 <0.00225
Yb <0.0112 <0.0132 <0.0070 <0.0070 <0.0095 <0.0091 <0.0100
Lu <0.00139 <0.0029 <0.00116 <0.00067 0.00 <0.0024 <0.0014
W <0.0055 <0.0109 0.00 <0.0075 0.00 <0.0062 0.01
Pb206 0.18 0.11 0.16 0.10 0.92 0.06 2.70
Pb207 0.17 0.19 0.15 0.13 0.16 0.08 3.20
Pb208 0.17 0.16 0.16 0.12 0.20 0.07 3.12
Bi 0.01 0.02 0.01 0.01 0.01 0.00 0.01
Th <0.0023 0.01 0.00 0.00 <0.0032 <0.0025 0.00
Table A5. (Cont.) O'Brien et al.
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Deposit Mutooroo Mutooroo Mutooroo Mutooroo Mutooroo Mutooroo Mutooroo
Sample M6A-6-2 M8-1-1 M8-2-1 M8-3-1 M8-4-1 M8-6-1 M8-7-1
Li 2.03 7.02 6.05 5.09 5.06 4.05 4.58
Be 3.77 3.16 3.21 3.47 2.65 2.79 2.84
B <1.24 <0.42 <0.50 <0.44 0.40 0.87 <0.51
Mg 12371.44 6700.60 7198.79 5831.20 6678.96 6319.36 5447.05
Al 296381.25 298603.94 298656.78 297651.09 298074.44 303896.00 296909.72
Si 87.86 35.82 39.81 62.70 37.40 29.85 73.62
S <0.00 <0.00 <0.00 <0.00 <0.00 <0.00 <0.00
K 19.88 <0.64 <0.76 0.70 <0.61 1.03 44.82
Sc 0.14 0.45 0.45 0.40 0.49 0.42 0.26
Ti 14.52 36.55 39.91 34.96 43.19 42.25 30.31
V 156.40 91.07 83.77 90.80 87.09 108.54 94.92
Cr 183.34 0.85 0.82 0.91 0.67 1.00 1.16
Mn 673.90 1132.86 1236.91 1174.50 1180.42 1236.89 1240.48
Fe 75903.08 84383.75 88649.05 90083.24 90487.40 92559.23 96372.66
Co 48.44 67.15 66.48 68.30 67.59 69.78 70.62
Ni 17.50 6.58 6.86 6.23 6.93 7.33 6.63
Cu 9.97 8.23 9.30 10.33 8.57 9.54 12.23
Zn 219211.39 213680.63 249306.67 236008.11 245990.78 267839.38 257798.78
Ga 148.23 116.03 125.72 132.79 131.49 129.19 145.90
Ge 0.40 0.14 0.36 <0.142 0.28 0.27 <0.159
As 0.27 0.07 0.10 0.92 <0.053 0.15 0.90
Rb 0.15 <0.0065 <0.0068 <0.0063 <0.0050 <0.0078 <0.0077
Sr 1.28 <0.00102 0.00 0.13 <0.00121 0.00 0.22
Y <0.0050 <0.00159 <0.00238 0.08 <0.00124 <0.00179 0.01
Mo <0.056 0.03 0.05 0.04 0.05 0.04 0.11
Ag <0.0170 <0.0054 0.01 0.01 0.01 <0.0051 <0.0068
Cd 6.03 2.95 2.23 2.52 2.59 2.99 2.57
Sn <0.043 0.03 0.03 0.05 0.03 0.02 0.02
Sb 0.01 <0.0031 <0.0056 <0.0035 <0.0048 <0.0073 0.00
Ba 0.05 <0.0082 <0.0063 0.13 0.01 0.01 0.15
La <0.0019 <0.00116 <0.00064 0.00 <0.00069 0.00 0.01
Ce <0.0026 0.00 <0.00115 0.00 <0.00094 0.00 0.01
Pr <0.00235 <0.00094 <0.00051 <0.00068 <0.00072 <0.00099 0.00
Nd <0.0089 <0.0031 0.00 0.00 <0.00265 <0.0033 0.01
Sm 0.01 <0.0037 <0.0061 <0.0055 <0.0054 0.00 0.00
Eu <0.0035 <0.00131 <0.00216 <0.00159 <0.00191 <0.00146 <0.00139
Gd <0.0118 <0.0036 <0.0042 0.01 <0.0043 <0.0069 0.01
Tb <0.00140 <0.00049 <0.00058 <0.00073 0.00 0.00 <0.00072
Dy <0.0076 <0.00181 <0.00199 0.01 <0.0029 <0.00220 0.00
Ho <0.00257 <0.00083 0.00 0.00 <0.00054 0.00 0.00
Er <0.0085 <0.0026 <0.00274 0.01 <0.0030 <0.0045 <0.0030
Tm <0.00140 0.00 <0.00047 0.00 <0.00047 0.00 <0.00045
Yb <0.0160 <0.0054 <0.0047 0.01 <0.0032 <0.0063 <0.0029
Lu <0.00149 <0.00078 0.00 0.00 <0.00054 <0.00078 <0.00034
W <0.0110 <0.0022 <0.00291 0.01 <0.0022 0.01 <0.0050
Pb206 0.24 0.03 0.02 0.07 0.03 0.03 0.05
Pb207 0.19 0.03 0.05 0.06 0.04 0.04 0.05
Pb208 0.18 0.04 0.02 0.06 0.03 0.03 0.04
Bi 0.00 0.01 0.01 0.05 0.01 0.00 0.03
Th <0.0024 0.00 <0.00116 0.00 <0.00081 <0.00089 <0.00108
Table A5. (Cont.) O'Brien et al.
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Deposit NM Zn Lode NM Zn Lode NM Zn Lode NM Zn Lode NM Zn Lode NM Zn Lode
Sample 082-1-1 082-1-2 082-2-1 082-2-2 082-3-1 082-3-2
Li 18.32 15.94 21.16 18.89 16.24 17.51
Be 0.77 0.97 1.00 0.67 1.00 1.13
B <1.33 <1.52 <0.96 <0.92 <1.09 <0.79
Mg 15572.09 16329.12 13393.97 13060.93 17006.32 15566.50
Al 303511.69 303511.13 301393.66 301393.16 303244.84 303244.28
Si <90.82 <96.03 73.82 <56.86 <71.77 <59.68
S <0.00 <0.00 <0.00 <0.00 <0.00 <0.00
K <2.20 <2.33 <1.68 <1.39 <1.76 <1.46
Sc 2.42 2.37 1.60 2.78 2.55 2.57
Ti 86.77 96.17 61.56 64.94 80.30 64.78
V 69.51 74.70 74.50 77.61 68.44 71.11
Cr 16.42 17.08 15.57 10.09 10.15 10.31
Mn 3549.50 3603.77 3693.24 3629.15 3670.40 3611.15
Fe 127712.55 126047.34 123748.68 120932.15 124034.38 117893.15
Co 137.26 137.62 139.66 135.33 127.33 124.95
Ni 39.83 34.96 35.97 35.32 33.81 32.00
Cu 0.95 0.68 0.69 0.60 0.73 0.77
Zn 198839.38 174975.08 198407.86 185000.98 180482.73 171659.61
Ga 101.69 96.42 104.98 98.14 99.58 92.84
Ge <0.68 <0.73 <0.50 <0.46 0.65 <0.47
As 0.25 <0.27 <0.208 <0.156 <0.207 0.15
Rb <0.029 <0.035 <0.028 <0.0182 <0.0235 <0.027
Sr <0.0072 <0.0130 <0.0076 0.01 <0.0077 <0.0059
Y <0.0105 <0.0123 0.01 0.01 <0.0065 <0.0063
Mo <0.160 <0.167 0.18 0.11 0.15 0.12
Ag <0.039 <0.059 <0.038 <0.020 <0.029 <0.040
Cd 2.15 1.97 1.60 1.20 1.36 1.14
Sn <0.055 <0.062 0.08 <0.038 <0.047 <0.034
Sb <0.032 <0.049 <0.026 <0.0211 <0.0185 <0.0201
Ba <0.039 <0.038 <0.037 <0.031 <0.053 <0.036
La <0.0068 <0.0075 <0.0044 <0.0041 <0.0048 <0.0024
Ce <0.0066 <0.0073 <0.0038 <0.0038 <0.0043 <0.0050
Pr <0.0060 <0.0057 <0.0032 <0.0040 <0.0037 <0.0037
Nd <0.0212 <0.041 <0.0200 <0.0074 <0.029 <0.0261
Sm <0.032 <0.048 <0.035 <0.0248 <0.032 <0.025
Eu <0.0095 <0.0101 <0.0069 <0.0073 <0.0099 <0.0105
Gd <0.049 <0.063 <0.036 <0.025 0.03 <0.0105
Tb <0.0054 <0.0069 <0.0057 <0.0046 <0.0073 <0.0042
Dy <0.035 <0.0244 <0.0250 <0.0137 <0.0171 <0.0131
Ho <0.0084 0.00 <0.0042 <0.0032 <0.0058 <0.0023
Er <0.024 <0.030 <0.0243 <0.0239 <0.0230 <0.0167
Tm <0.0050 <0.0037 <0.0032 <0.0041 <0.0049 <0.0050
Yb 0.02 <0.034 <0.0235 <0.025 0.02 <0.029
Lu <0.0053 <0.0085 <0.0052 <0.0038 <0.0039 0.00
W <0.0143 <0.024 0.02 <0.023 <0.0236 0.01
Pb206 <0.057 <0.058 0.10 0.04 <0.050 0.05
Pb207 <0.069 <0.055 0.04 0.05 <0.056 0.12
Pb208 <0.039 <0.041 0.05 0.02 0.03 0.03
Bi <0.0112 <0.0157 <0.0114 <0.0092 0.02 <0.0067
Th <0.0083 <0.0061 <0.0085 <0.0032 <0.0068 0.01
Table A5. (Cont.) O'Brien et al.
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Deposit NM Zn Lode NM Zn Lode NM Zn Lode NM Zn Lode NM Zn Lode NM Zn Lode
Sample 082-4-1 082-4-2 082-5-1 082-5-2 085-3-1 085-4-1
Li 17.61 14.68 15.60 14.51 22.65 20.78
Be <0.58 <0.50 0.64 0.64 2.12 4.06
B 1.11 <0.70 <1.08 <0.66 <4.75 <4.35
Mg 15094.71 14569.46 14952.33 14937.87 17197.68 16686.37
Al 294829.06 294828.50 302818.56 302817.94 302413.56 301566.81
Si <53.66 <47.95 80.87 <44.54 <69.09 123.90
S <0.00 <0.00 <0.00 <0.00 <0.00 <0.00
K <1.31 <1.18 <1.96 <1.08 <6.20 11.88
Sc 1.94 0.90 1.86 1.74 <0.21 <0.200
Ti 47.52 18.32 49.80 51.53 44.62 72.51
V 66.31 67.01 39.15 40.41 647.95 829.56
Cr 18.79 29.45 23.37 30.48 1850.54 2414.94
Mn 3123.95 3177.88 3024.13 2817.12 1026.61 1547.69
Fe 101615.38 101764.28 96008.84 91021.23 181469.94 183928.20
Co 106.57 104.86 97.53 97.91 242.18 248.59
Ni 27.28 27.53 24.58 24.44 127.04 132.85
Cu 0.60 1.34 0.73 0.50 4.57 4.66
Zn 183418.44 181999.61 191495.33 186911.41 108597.30 132688.34
Ga 97.67 96.78 115.32 102.54 437.05 493.82
Ge 0.46 0.53 <0.64 0.41 <0.96 <0.95
As <0.156 <0.139 <0.226 <0.136 <0.58 <0.54
Rb <0.020 0.06 <0.032 <0.0176 <0.049 0.19
Sr <0.0070 <0.0048 <0.0114 0.01 <0.00 <0.0102
Y <0.0096 <0.0071 <0.0108 0.01 <0.0065 0.01
Mo 0.17 <0.082 0.17 <0.079 <0.074 <0.089
Ag <0.025 0.08 <0.036 <0.027 0.03 0.01
Cd 1.74 1.90 2.96 2.75 1.52 0.95
Sn 0.03 <0.033 <0.054 <0.029 <0.068 <0.069
Sb 0.02 <0.021 <0.029 <0.0201 <0.0289 <0.0181
Ba 0.03 <0.0199 0.04 <0.031 <0.062 0.05
La <0.0030 <0.0039 <0.0073 <0.0025 <0.0102 <0.0047
Ce <0.0034 <0.0039 <0.0046 <0.0024 0.01 <0.0084
Pr <0.0048 <0.0028 <0.0039 <0.0036 <0.0038 <0.00220
Nd <0.026 <0.0162 <0.036 <0.0142 <0.022 <0.0219
Sm <0.032 <0.019 <0.040 <0.0198 <0.00 <0.0256
Eu <0.0094 <0.0077 <0.0175 <0.0085 <0.0075 <0.0060
Gd <0.028 <0.025 <0.043 <0.0243 <0.0313 <0.0196
Tb <0.0030 <0.0034 <0.0030 <0.0032 <0.00276 <0.00273
Dy <0.0175 <0.0122 <0.0180 <0.0117 <0.0141 0.00
Ho <0.0039 <0.00229 <0.0068 <0.0040 <0.0029 0.00
Er <0.0192 <0.0185 <0.0271 0.01 <0.0091 0.01
Tm 0.00 <0.0034 <0.0053 <0.0023 <0.0027 <0.0033
Yb <0.0179 <0.024 <0.028 <0.0225 0.01 <0.0172
Lu <0.0045 <0.0028 <0.0057 <0.0028 0.00 0.00
W <0.0217 <0.0209 <0.0241 <0.0210 <0.00 <0.0117
Pb206 0.17 4.77 0.06 0.10 <0.025 0.71
Pb207 0.20 5.26 <0.061 0.12 0.04 1.29
Pb208 0.13 5.21 <0.037 0.12 0.04 0.83
Bi <0.0064 0.02 0.02 0.01 <0.0075 <0.0052
Th <0.0058 <0.0032 <0.0086 <0.0027 <0.0092 <0.0053
Table A5. (Cont.) O'Brien et al.
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Deposit NM Zn Lode NM Zn Lode NM Zn Lode NM Zn Lode NM Zn Lode NM Zn Lode
Sample 085-5-1 086-1-1 086-5-1 086-5-2 087-1-2 087-2-1
Li 21.17 24.78 27.68 22.37 3.58 3.89
Be 4.25 4.60 4.66 5.25 2.40 5.38
B <3.42 <1.07 <0.99 <0.89 <0.51 <0.79
Mg 15095.47 16492.02 16468.59 16455.83 8053.73 8231.03
Al 301672.66 300142.53 302259.84 302259.88 296062.72 296380.00
Si 65.30 <72.66 <69.65 64.97 946.50 68.48
S <0.00 <0.00 <0.00 <0.00 <0.00 <0.00
K <5.07 <1.42 <1.44 <1.31 66.82 <1.18
Sc <0.168 <0.112 <0.108 <0.102 0.60 0.83
Ti 42.16 36.04 105.01 39.46 64.30 56.03
V 661.07 277.37 322.73 332.82 8.62 11.38
Cr 2144.27 297.77 531.41 451.59 0.95 <0.65
Mn 738.92 1254.88 1316.56 1277.68 2345.23 2470.56
Fe 140841.64 175382.63 174476.47 178110.33 86323.98 85716.89
Co 215.19 272.56 264.96 252.14 41.04 35.05
Ni 153.47 182.83 187.34 180.66 11.85 12.38
Cu 7.31 0.90 0.82 0.75 29.58 0.69
Zn 195527.14 132002.58 122559.79 120353.57 224698.83 225755.77
Ga 341.43 429.49 466.62 477.69 142.77 105.91
Ge <0.78 <0.52 <0.57 <0.46 0.60 <0.44
As <0.50 <0.32 <0.30 <0.25 0.24 <0.174
Rb <0.038 0.04 <0.0225 <0.0188 0.58 <0.0191
Sr <0.0096 <0.0066 <0.0084 <0.0082 0.02 <0.0076
Y <0.0049 <0.0117 <0.0068 0.22 0.02 <0.0063
Mo <0.073 <0.102 <0.104 <0.107 0.10 <0.090
Ag <0.0215 <0.032 <0.032 0.03 16.24 <0.031
Cd 1.73 2.37 1.84 1.74 4.35 3.51
Sn 0.07 <0.049 <0.048 0.06 24.59 0.08
Sb <0.0198 <0.027 <0.035 <0.023 4.33 <0.027
Ba <0.037 0.03 <0.054 <0.032 0.34 0.15
La <0.0051 0.03 <0.0056 0.03 0.01 <0.0033
Ce <0.0035 0.11 <0.0017 0.12 0.03 <0.0035
Pr <0.0024 0.02 <0.0028 0.02 0.00 <0.0044
Nd <0.0137 0.09 0.01 0.10 <0.0128 0.01
Sm <0.0196 <0.036 <0.033 0.06 <0.018 <0.0201
Eu <0.0066 <0.0077 <0.0089 0.01 <0.0051 <0.0067
Gd <0.0238 0.04 <0.040 0.05 <0.022 <0.023
Tb <0.00209 <0.0044 <0.0045 0.01 <0.0017 <0.00229
Dy <0.0138 <0.0141 <0.0154 0.04 <0.0103 <0.0144
Ho <0.00218 <0.0044 <0.0032 0.01 0.00 0.00
Er <0.0097 0.01 <0.0124 0.02 <0.0185 <0.0154
Tm <0.00146 <0.0044 <0.0031 0.01 <0.00153 <0.0037
Yb 0.01 0.03 <0.0099 0.06 <0.0161 <0.0249
Lu <0.0026 <0.0049 <0.0023 0.01 <0.0025 <0.0045
W 0.01 <0.0249 <0.0273 <0.0190 0.01 <0.0196
Pb206 <0.026 0.25 <0.048 1.14 9581.35 0.52
Pb207 0.05 0.09 <0.054 0.76 10612.92 <0.049
Pb208 0.04 0.17 0.05 0.67 10308.95 0.08
Bi 0.01 <0.0084 0.01 <0.0072 7.75 0.01
Th <0.0033 <0.0030 <0.0034 0.06 0.02 <0.0061
Table A5. (Cont.) O'Brien et al.
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Deposit NM Zn Lode NM Zn Lode NM Zn Lode NM Zn Lode NM Zn Lode NM Zn Lode
Sample 087-2-2 087-3-1 087-5-1 088-2-1 088-2-2 088-4-1
Li 4.45 4.84 7.80 14.31 14.05 13.83
Be 3.86 4.49 6.32 2.60 2.71 2.67
B <0.67 <0.72 <0.95 <0.26 0.34 <0.158
Mg 7686.41 7480.98 7883.30 9208.97 9804.83 8123.17
Al 297279.44 296537.91 297278.56 298179.66 298179.66 300137.91
Si 71.44 <51.27 <56.91 311.69 119.69 164.92
S <0.00 <0.00 <0.00 <0.00 <0.00 <0.00
K 2.00 <1.25 <1.40 97.46 25.61 35.45
Sc 0.74 0.81 0.68 0.14 0.23 0.12
Ti 56.97 75.90 71.73 76.20 145.16 102.52
V 14.33 2.52 1.72 43.34 47.50 38.02
Cr <0.73 <0.73 <0.80 1.85 0.73 4.72
Mn 2324.45 2573.57 2159.86 1586.44 1671.54 1530.04
Fe 83619.52 92737.38 80827.84 127810.34 141119.64 142871.50
Co 31.87 31.88 30.59 115.55 58.20 56.48
Ni 11.48 11.72 12.43 61.77 27.07 24.56
Cu 2.26 1.14 0.83 2.68 0.20 3.43
Zn 221026.33 211209.50 216287.39 119808.57 160802.09 156591.72
Ga 101.06 98.01 113.07 91.71 95.21 89.92
Ge <0.47 <0.44 <0.49 0.32 0.26 0.47
As <0.175 <0.176 <0.190 0.18 <0.0190 <0.0205
Rb 0.03 <0.0191 <0.0240 1.35 0.29 0.40
Sr <0.0068 <0.0049 <0.0075 0.16 0.00 0.01
Y 0.01 <0.0074 <0.0087 0.01 0.00 0.00
Mo 0.21 <0.092 0.13 0.15 0.10 0.10
Ag 11.98 <0.035 <0.037 0.18 0.00 0.46
Cd 2.91 2.05 2.72 4.10 1.12 2.00
Sn 1.96 0.04 0.07 0.18 0.10 0.20
Sb 4.66 <0.027 <0.027 0.34 0.00 0.06
Ba <0.024 <0.030 <0.029 0.35 0.03 0.04
La <0.0051 <0.0028 0.00 0.01 <0.00061 <0.00075
Ce <0.0043 0.00 <0.0030 0.00 <0.00059 0.00
Pr <0.0038 <0.0029 <0.0044 0.00 0.00 <0.00061
Nd 0.00 <0.0143 0.01 0.01 <0.0033 <0.0053
Sm <0.0234 <0.027 <0.030 0.01 <0.0046 <0.0055
Eu <0.0094 <0.0083 <0.0083 <0.0018 0.00 0.00
Gd <0.0271 <0.026 <0.031 <0.0091 0.01 0.01
Tb <0.0044 <0.0046 <0.0045 <0.00120 <0.00049 <0.00102
Dy <0.0194 <0.0186 <0.0067 <0.0071 <0.0021 <0.0046
Ho <0.0028 <0.0036 <0.0038 <0.00199 <0.00070 <0.00110
Er <0.0142 <0.0183 <0.0202 0.01 <0.0038 0.01
Tm <0.0033 <0.0032 <0.0036 <0.00125 0.00 0.00
Yb <0.0214 <0.0222 <0.026 <0.0105 <0.0043 <0.0050
Lu <0.0038 0.00 <0.0046 0.00 <0.00092 <0.00115
W <0.0244 <0.0166 0.01 <0.0078 <0.0051 <0.0059
Pb206 9244.04 2.53 0.10 16.41 0.53 4.76
Pb207 10810.67 2.92 0.06 19.83 0.67 5.58
Pb208 10258.50 0.09 0.23 19.20 0.65 5.23
Bi 10.99 0.02 0.01 0.08 0.00 <0.0024
Th <0.0055 <0.0044 0.00 0.00 <0.00125 <0.00137
Table A5. (Cont.) O'Brien et al.
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Deposit NM Zn Lode NM Zn Lode NM Zn Lode NM Zn Lode NM Zn Lode NM Zn Lode
Sample 088-7-1 089-1-1 089-2-1 089-2-2 089-4-1 089-6-1
Li 16.04 11.12 13.33 10.98 15.89 16.21
Be 2.59 9.50 10.16 8.95 8.40 8.70
B <0.29 <1.27 <0.96 <1.05 <1.19 <1.07
Mg 6322.00 12726.39 12860.34 13601.21 12171.08 12800.37
Al 298126.75 303789.69 304001.38 304001.38 293892.75 304001.38
Si 303.59 40.31 46.10 <16.21 29.70 42.48
S <0.00 <0.00 <0.00 <0.00 <0.00 <0.00
K 13.96 <1.93 <1.54 <1.47 <1.84 <1.54
Sc 0.09 1.02 1.17 0.98 0.76 0.66
Ti 57.95 69.96 82.01 65.70 33.14 47.68
V 119.64 141.99 138.18 149.73 133.68 134.26
Cr 24.27 40.72 11.31 24.88 74.64 111.85
Mn 1030.06 3934.28 3227.19 3378.78 3062.41 4468.82
Fe 149525.34 107628.16 98979.19 102660.00 103732.55 107653.92
Co 67.20 29.73 29.51 29.80 31.86 31.86
Ni 28.79 3.75 3.73 3.90 4.17 3.57
Cu 0.10 6.07 6.71 6.78 7.05 6.54
Zn 99187.71 177862.09 186917.88 199325.20 215874.73 202304.94
Ga 156.15 122.03 109.74 104.68 114.92 115.66
Ge 0.12 <0.26 0.28 <0.210 <0.28 <0.189
As <0.038 0.19 0.19 <0.141 <0.159 <0.141
Rb 0.16 <0.0158 <0.0119 <0.0097 <0.0119 <0.0110
Sr 0.02 0.00 0.00 <0.0027 <0.00171 <0.00145
Y 0.00 <0.00276 <0.00190 <0.00143 0.00 <0.00187
Mo 0.05 0.12 0.08 0.10 0.08 0.12
Ag 0.01 <0.0082 <0.0066 <0.0071 <0.0069 <0.0059
Cd 2.52 8.75 7.01 3.57 4.08 3.34
Sn 0.18 0.04 0.13 <0.0254 0.05 0.07
Sb 0.03 <0.0122 0.04 <0.0069 0.02 0.00
Ba <0.0106 <0.0113 <0.0111 0.00 <0.0091 <0.0078
La 0.00 0.00 0.00 0.00 0.00 <0.00077
Ce 0.00 0.00 0.00 0.00 <0.00153 <0.00151
Pr <0.00167 0.00 <0.00063 0.00 <0.00073 <0.00088
Nd 0.01 0.00 <0.0080 <0.0054 <0.0059 <0.0062
Sm <0.0114 <0.0085 <0.0093 0.00 0.00 <0.0042
Eu <0.00137 <0.00249 <0.00122 <0.0032 <0.00142 <0.00210
Gd <0.0162 0.00 <0.0069 0.00 <0.0093 0.01
Tb <0.00122 0.00 0.00 <0.00101 0.00 <0.00095
Dy <0.0073 <0.0057 0.00 <0.0034 0.00 0.00
Ho <0.0018 0.00 <0.00057 <0.00086 0.00 <0.00128
Er 0.01 <0.0064 <0.0036 <0.0067 <0.0079 <0.0063
Tm <0.0019 <0.00111 <0.00077 <0.00082 <0.00110 <0.00054
Yb <0.0130 <0.0070 <0.0084 <0.0064 0.00 <0.0049
Lu <0.00136 <0.00083 <0.00057 0.00 0.00 0.00
W 0.01 <0.0046 0.01 0.00 0.00 <0.0045
Pb206 0.99 0.03 0.14 0.12 0.06 0.02
Pb207 1.26 0.04 0.13 0.12 0.07 0.01
Pb208 1.06 0.02 0.14 0.12 0.05 0.02
Bi 0.00 0.00 0.01 0.00 <0.0036 <0.0028
Th 0.00 <0.00129 <0.00179 <0.00191 0.00 <0.00091
Table A5. (Cont.) O'Brien et al.
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Deposit NM Zn Lode NM Zn Lode NM Zn Lode NM Zn Lode NM Zn Lode NM Zn Lode
Sample 089-7-1 089-7-2 090-1-1 090-1-2 090-1-3 090-3-1
Li 13.72 14.72 12.69 11.85 11.33 11.72
Be 9.50 9.65 5.45 3.91 3.34 2.97
B <1.31 <1.77 <1.94 <1.17 <1.61 <1.66
Mg 13332.73 13620.14 13656.34 14167.34 13413.24 13989.32
Al 303842.63 303842.59 299396.91 299396.91 299396.91 298338.41
Si 58.40 80.31 <28.38 71.00 <23.42 26.47
S <0.00 <0.00 <0.00 <0.00 <0.00 <0.00
K <2.02 <2.86 <2.54 <1.83 <2.09 <2.23
Sc 0.69 0.61 0.32 0.30 0.41 0.30
Ti 28.32 32.68 179.35 265.13 104.23 89.32
V 138.37 144.10 254.28 276.84 253.80 264.69
Cr 167.53 189.53 47.94 42.55 68.99 85.67
Mn 5223.19 5281.53 2034.68 2167.96 2272.94 2524.18
Fe 113294.80 115927.20 140797.13 143301.95 140003.92 157287.06
Co 32.29 33.21 102.37 100.19 102.80 107.57
Ni 4.58 4.22 9.88 8.87 9.37 10.51
Cu 7.13 6.30 6.77 6.64 6.51 6.53
Zn 212843.44 195374.52 197235.11 182762.22 201267.70 181178.59
Ga 114.00 112.53 373.60 343.38 378.24 354.25
Ge <0.26 <0.39 <0.37 0.30 <0.33 0.74
As 0.21 <0.233 <0.222 <0.192 <0.191 <0.20
Rb <0.0131 <0.0234 <0.0211 <0.0132 <0.0171 <0.0181
Sr 0.00 0.00 <0.0038 0.00 <0.0029 <0.0041
Y 0.01 0.01 <0.0028 0.00 <0.00183 0.00
Mo 0.19 0.13 0.08 0.06 0.03 0.08
Ag 0.03 <0.0099 <0.0091 <0.0118 <0.0113 <0.0131
Cd 3.01 3.74 1.34 0.76 1.25 0.91
Sn 0.05 0.08 0.08 0.07 0.06 0.04
Sb 0.15 0.08 0.00 <0.0060 <0.0038 <0.0099
Ba <0.0180 0.01 0.01 <0.0087 <0.0109 <0.015
La <0.00103 <0.0022 <0.00161 0.00 <0.00169 0.00
Ce <0.00142 <0.00215 <0.00193 0.00 0.00 <0.00086
Pr <0.00186 <0.00127 0.00 <0.00097 <0.00087 <0.0014
Nd 0.00 <0.0126 <0.0104 <0.0067 <0.0077 <0.0098
Sm <0.0124 <0.0207 <0.0086 <0.0045 <0.0040 <0.0093
Eu <0.00323 <0.00245 <0.0035 0.00 <0.0023 <0.00191
Gd <0.0053 <0.0180 <0.0081 <0.0060 <0.0076 <0.0044
Tb <0.00073 <0.00111 <0.00111 0.00 <0.00127 <0.00060
Dy <0.0068 <0.0092 0.00 <0.0049 <0.0031 0.00
Ho <0.00108 0.00 <0.00142 0.00 <0.00077 <0.00063
Er <0.0076 <0.0127 <0.0073 <0.0027 <0.0034 <0.00280
Tm <0.00161 <0.00110 <0.00077 <0.00081 <0.00102 <0.00059
Yb <0.0092 <0.0070 <0.0099 0.01 0.01 <0.0075
Lu 0.00 0.00 <0.00081 0.00 <0.00075 <0.00
W <0.00 <0.00 <0.0068 <0.0051 <0.0045 <0.00
Pb206 1.05 0.49 <0.0146 0.06 0.03 0.04
Pb207 1.31 0.60 0.09 0.08 0.03 0.04
Pb208 1.24 0.55 0.02 0.08 0.02 0.05
Bi <0.0035 0.01 <0.0027 <0.00201 <0.0034 <0.0024
Th <0.00172 0.00 <0.00 <0.00133 <0.00084 <0.00168
Table A5. (Cont.) O'Brien et al.
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Deposit NM Zn Lode NM Zn Lode NM Zn Lode NM Zn Lode NM Zn Lode NM Zn Lode
Sample 090-3-2 090-5-1 090-6-1 090-6-2 091-4-1 092-1-1
Li 12.38 3.37 6.07 5.02 14.84 12.25
Be 5.04 3.39 3.54 3.75 1.03 2.12
B <1.98 <1.85 <1.30 <1.40 <1.12 <1.96
Mg 13731.63 12290.34 12284.12 12134.25 11843.05 13173.23
Al 298338.41 295903.84 296591.84 296591.88 298338.38 301725.56
Si 81.01 42.24 46.12 56.02 <61.75 51.81
S <0.00 <0.00 <0.00 <0.00 <0.00 <0.00
K <2.81 <2.62 <1.87 <1.88 <1.70 <2.51
Sc 0.27 0.53 0.61 0.50 <0.113 <0.077
Ti 128.03 129.25 120.64 113.87 27.55 39.26
V 263.78 199.71 9.19 22.52 148.21 134.16
Cr 58.84 17.75 1.10 0.99 88.56 93.44
Mn 2476.64 2043.11 2111.47 2117.80 1207.86 1058.50
Fe 156933.22 115526.66 114810.40 113098.31 127661.48 123399.35
Co 107.62 83.98 86.12 83.97 94.35 139.29
Ni 9.93 7.49 7.55 7.87 13.29 9.32
Cu 5.79 8.48 7.52 7.46 0.56 7.44
Zn 180537.27 231740.48 226669.86 225887.42 184854.78 181133.45
Ga 360.24 302.17 284.78 284.59 117.90 154.94
Ge 0.64 0.72 0.31 0.36 <0.54 0.95
As <0.26 <0.264 0.18 <0.170 <0.167 0.51
Rb <0.0172 <0.0197 <0.0141 <0.0129 <0.030 <0.0193
Sr 0.00 0.00 <0.0031 <0.0033 0.01 0.01
Y <0.00 <0.00213 <0.00241 <0.00211 0.01 0.51
Mo 0.06 <0.043 0.08 0.04 <0.106 <0.030
Ag <0.0189 <0.0100 <0.0080 <0.0100 <0.035 <0.0146
Cd 0.58 1.47 1.60 1.48 1.33 2.32
Sn <0.039 0.07 <0.0226 0.05 0.05 0.05
Sb <0.0168 <0.0063 <0.0092 <0.0088 <0.033 <0.0180
Ba <0.0196 <0.0179 <0.0082 <0.0177 <0.040 0.07
La <0.0024 <0.00124 <0.00140 0.00 <0.0065 0.01
Ce <0.00188 <0.00210 <0.0043 <0.00208 0.01 0.03
Pr <0.00155 <0.00142 0.00 <0.00070 <0.0061 <0.0019
Nd <0.0088 0.00 <0.0037 <0.00 <0.024 0.02
Sm <0.0102 <0.0093 <0.0096 0.00 <0.026 <0.0112
Eu 0.00 0.00 <0.00250 <0.00232 <0.0090 0.00
Gd <0.0152 <0.0088 0.00 <0.0130 0.03 0.01
Tb 0.00 <0.00085 <0.00055 <0.00119 <0.0050 0.00
Dy <0.0039 <0.0061 <0.0040 <0.0025 <0.0246 0.05
Ho 0.00 0.00 <0.00082 <0.00062 <0.0059 0.02
Er <0.0075 <0.0079 0.00 <0.0068 <0.0169 0.08
Tm <0.00224 <0.00118 <0.00054 <0.00116 <0.0062 0.01
Yb <0.0101 <0.0075 <0.0085 0.00 <0.028 0.13
Lu <0.00191 <0.00151 <0.00098 <0.00105 <0.0051 0.02
W <0.0058 <0.00 <0.0084 <0.0037 <0.028 0.01
Pb206 0.01 0.01 <0.0056 0.02 0.20 3.23
Pb207 <0.0166 0.02 0.01 0.03 0.29 2.70
Pb208 0.03 <0.0067 <0.0064 0.02 0.22 2.56
Bi 0.01 0.00 <0.0027 <0.0035 <0.0141 0.00
Th <0.00212 <0.00194 <0.00253 0.00 0.01 0.39
Table A5. (Cont.) O'Brien et al.
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Deposit NM Zn Lode NM Zn Lode NM Zn Lode NM Zn Lode NM Zn Lode NM Zn Lode
Sample 092-1-2 092-2-1 092-2-2 092-2-3 092-4-1 092-4-2
Li 11.83 12.42 7.99 13.63 14.12 12.66
Be 3.35 4.88 4.48 4.08 2.73 4.35
B <2.26 <2.87 <2.46 <2.45 <2.59 1.94
Mg 14242.42 14470.94 14829.50 13556.38 13000.63 13624.97
Al 301725.59 301937.28 301937.28 301937.28 303313.34 303313.34
Si 119.33 <40.13 141.44 58.00 <36.67 171.27
S <0.00 <0.00 <0.00 <0.00 <0.00 <0.00
K <2.76 <3.45 5.45 <3.16 <3.19 <2.43
Sc <0.096 <0.111 <0.115 <0.102 0.16 <0.080
Ti 60.18 58.66 58.43 45.77 46.94 56.11
V 137.11 137.19 143.62 138.94 140.48 145.82
Cr 65.99 27.31 26.89 74.65 134.16 124.54
Mn 1213.85 1448.93 1333.08 1072.64 852.12 910.96
Fe 129199.26 131366.69 129295.51 125740.50 124458.76 126046.70
Co 135.37 144.31 134.16 140.94 119.61 105.17
Ni 8.54 10.14 8.25 9.56 7.75 7.73
Cu 6.57 6.71 5.44 6.91 7.36 18.93
Zn 173473.14 195209.72 162035.39 198269.89 203139.14 183411.63
Ga 135.49 161.69 124.77 147.29 153.99 140.84
Ge 0.41 0.54 0.91 0.57 0.55 0.64
As 0.42 0.64 <0.35 <0.31 <0.31 0.38
Rb <0.0252 <0.028 0.09 <0.023 <0.026 <0.0186
Sr 0.04 <0.0027 0.01 0.01 <0.0051 0.01
Y 0.20 0.19 0.01 0.02 0.15 0.38
Mo <0.040 0.06 <0.041 <0.042 0.04 <0.031
Ag <0.0180 <0.0138 <0.0108 <0.0103 <0.0131 0.15
Cd 1.39 1.95 1.82 2.31 2.36 1.64
Sn 0.09 <0.044 0.06 0.11 0.09 0.17
Sb <0.0139 <0.0196 <0.019 <0.0195 <0.0106 <0.0093
Ba 0.05 <0.015 0.08 <0.0127 0.02 <0.021
La 0.02 <0.00144 0.00 0.00 0.00 0.02
Ce 0.06 <0.0040 0.00 0.01 <0.0037 0.08
Pr 0.01 <0.00167 <0.00184 <0.00175 0.00 0.01
Nd 0.04 <0.0138 <0.0076 0.01 <0.0064 0.03
Sm 0.02 <0.0161 <0.0153 <0.0119 <0.0130 0.01
Eu <0.00204 <0.0047 0.00 <0.0040 <0.0043 <0.0040
Gd 0.02 0.01 0.00 <0.0112 <0.0100 0.03
Tb 0.00 0.00 <0.00166 <0.00129 0.00 0.00
Dy 0.03 0.03 <0.0049 <0.0054 0.01 0.05
Ho 0.01 0.00 <0.0017 0.00 0.00 0.01
Er 0.04 0.02 <0.0055 <0.0085 0.02 0.07
Tm 0.00 0.01 <0.00163 0.00 0.00 0.01
Yb 0.04 0.06 <0.0128 0.01 0.04 0.06
Lu 0.01 0.01 <0.00122 <0.00134 0.01 0.02
W 0.02 0.01 0.05 0.03 0.01 0.01
Pb206 2.37 1.16 2.75 5.00 0.97 7.72
Pb207 2.41 0.56 3.03 5.87 0.24 8.46
Pb208 2.24 0.47 3.12 5.53 0.26 7.80
Bi 0.00 <0.0052 0.01 <0.0051 0.00 0.15
Th 0.14 0.34 0.03 0.05 0.30 0.41
Table A5. (Cont.) O'Brien et al.
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Deposit NM Zn Lode NM Zn Lode NM Zn Lode NM Zn Lode NM Zn Lode NM Zn Lode
Sample 092-5-1 092-5-2 092-6-1 092-6-2 092-7-1 093-1-1
Li 11.99 12.72 <5.26 9.59 11.48 17.35
Be 5.50 2.25 5.77 2.22 3.44 4.21
B <2.98 2.30 <3.93 <2.35 <2.32 <1.48
Mg 12913.52 14063.32 12469.22 13049.58 13421.90 12626.45
Al 302995.78 302995.78 304001.34 304001.34 302572.38 300084.88
Si 94.42 91.63 113.05 93.63 126.27 31.75
S <0.00 <0.00 <0.00 <0.00 <0.00 <0.00
K <3.62 <2.85 <5.13 <3.26 <3.23 <1.88
Sc <0.119 <0.099 0.41 <0.104 0.19 <0.064
Ti 50.81 66.21 74.20 54.33 64.22 93.37
V 136.91 137.32 129.60 132.10 134.47 277.74
Cr 63.62 30.23 68.30 32.83 42.07 261.09
Mn 830.67 1436.48 766.37 889.54 1058.07 1396.75
Fe 122516.52 121565.35 116767.34 125980.18 130275.33 163428.83
Co 139.83 131.40 131.18 141.83 138.91 99.34
Ni 8.96 8.26 8.34 9.10 8.83 9.75
Cu 8.03 6.40 13.99 7.40 6.86 4.78
Zn 200744.20 174008.28 147626.36 200384.98 194799.63 136506.58
Ga 150.48 126.23 126.41 148.02 150.54 228.26
Ge <0.53 <0.38 <0.71 <0.46 0.60 0.40
As 0.38 0.29 0.60 0.69 <0.32 <0.202
Rb <0.029 <0.023 <0.043 0.08 <0.027 <0.0143
Sr 0.05 0.04 0.01 0.01 0.00 0.00
Y 0.55 0.23 0.78 0.17 0.58 0.00
Mo 0.04 <0.039 0.10 0.04 <0.049 0.05
Ag <0.0180 <0.0097 0.09 0.01 <0.0135 <0.0067
Cd 1.66 1.44 2.33 1.30 1.63 1.50
Sn 0.11 <0.038 0.13 0.07 0.18 0.05
Sb <0.0239 <0.0129 <0.014 0.01 <0.0110 <0.0091
Ba 0.00 <0.0236 <0.046 0.06 0.01 <0.0075
La 0.04 0.14 0.01 <0.0029 0.01 <0.00146
Ce 0.15 0.50 0.01 0.01 0.01 <0.00189
Pr 0.02 0.06 <0.0036 <0.0024 <0.0030 <0.00133
Nd 0.12 0.17 0.02 0.00 0.01 <0.00
Sm 0.05 0.03 <0.021 0.01 <0.0108 <0.00
Eu 0.00 0.00 <0.00 <0.00236 <0.0031 <0.00119
Gd 0.05 0.02 0.05 <0.0187 0.01 <0.0055
Tb 0.01 0.01 0.01 <0.00263 0.01 <0.00078
Dy 0.09 0.03 0.15 0.02 0.06 <0.0032
Ho 0.01 0.01 0.04 0.01 0.02 <0.00099
Er 0.07 0.02 0.09 0.03 0.10 <0.0036
Tm 0.02 0.01 0.05 0.01 0.02 <0.00121
Yb 0.14 0.03 0.53 0.06 0.18 <0.0069
Lu 0.02 0.01 0.07 0.01 0.03 <0.00099
W 0.02 0.02 <0.00 <0.0128 0.04 <0.0056
Pb206 3.32 0.98 3.20 1.63 2.93 0.01
Pb207 1.66 0.93 2.28 1.38 1.67 0.01
Pb208 1.89 0.74 2.01 1.20 1.42 <0.0073
Bi 0.01 0.01 0.00 0.01 <0.0042 0.00
Th 2.75 0.15 0.47 0.14 0.61 <0.00169
Table A5. (Cont.) O'Brien et al.
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Deposit NM Zn Lode NM Zn Lode NM Zn Lode NM Zn Lode NM Zn Lode NM Zn Lode
Sample 093-1-2 093-2-1 093-2-2 093-3-1 093-3-2 093-4-1
Li 16.44 17.92 20.88 17.57 16.15 28.54
Be 3.91 4.02 3.62 3.46 4.09 4.49
B <1.35 <1.94 <1.17 <1.87 <1.59 <2.44
Mg 12658.08 14083.33 14750.83 14851.42 15189.42 13694.60
Al 300084.88 300455.34 300455.34 300614.13 300614.13 299238.06
Si 29.69 27.40 <19.55 <26.87 <22.90 <36.62
S <0.00 <0.00 <0.00 <0.00 <0.00 <0.00
K <1.58 <2.14 <1.65 <2.26 <1.94 <3.09
Sc 0.14 0.07 0.06 <0.073 0.10 <0.099
Ti 126.01 114.57 107.38 52.26 58.50 64.90
V 288.92 298.30 319.91 294.93 298.04 274.70
Cr 469.73 527.56 790.64 404.16 389.47 560.97
Mn 1356.28 1369.43 1457.82 1430.76 1480.34 1497.45
Fe 158889.63 161344.50 166331.97 162027.00 166229.23 170945.23
Co 95.29 90.84 90.55 74.69 75.95 89.35
Ni 9.31 9.15 9.68 9.33 10.57 10.84
Cu 5.04 4.90 4.70 3.87 4.45 4.84
Zn 142125.56 140249.56 138056.59 120053.09 126615.64 132409.20
Ga 220.61 260.10 236.09 233.68 234.20 233.28
Ge 0.61 0.44 0.41 0.51 <0.27 0.76
As <0.166 0.24 <0.154 0.23 <0.183 <0.32
Rb <0.0123 <0.0155 <0.0135 <0.0154 <0.0172 <0.026
Sr 0.01 <0.0030 0.01 <0.00 0.01 <0.0033
Y <0.00222 <0.00262 <0.00116 <0.0032 0.00 0.00
Mo 0.05 0.05 0.04 0.06 0.06 0.07
Ag <0.0031 <0.0113 0.01 <0.0115 <0.0037 <0.0103
Cd 0.98 1.15 0.79 1.56 1.45 1.69
Sn 0.03 0.04 0.03 0.05 0.03 0.06
Sb 0.01 <0.0129 <0.0070 <0.0129 0.01 <0.0159
Ba 0.01 <0.0133 <0.0126 <0.0127 0.01 <0.0130
La <0.00095 <0.00183 <0.00071 0.00 <0.00079 0.00
Ce <0.00115 0.00 <0.00139 <0.0017 0.00 <0.0033
Pr <0.00055 <0.00130 0.00 <0.0012 <0.00145 <0.00231
Nd <0.0108 <0.0117 0.00 <0.0094 <0.0076 <0.0106
Sm 0.00 0.00 <0.0056 <0.0085 <0.0089 <0.0142
Eu <0.00156 0.00 0.00 <0.00142 0.00 0.00
Gd <0.0071 0.00 <0.0053 <0.0046 <0.0059 <0.0149
Tb <0.00072 <0.00098 <0.00053 <0.00 <0.00103 <0.00164
Dy <0.0037 <0.0041 0.00 <0.0039 <0.0025 <0.0039
Ho <0.00106 <0.00125 <0.00096 <0.00153 <0.00 <0.00197
Er <0.0033 <0.0045 <0.0055 <0.0043 <0.0048 <0.0062
Tm 0.00 <0.00136 <0.00074 0.00 <0.00101 <0.00132
Yb <0.0072 <0.0044 <0.0047 <0.0072 0.01 <0.0104
Lu <0.00075 0.00 <0.00096 0.00 0.00 0.00
W <0.0030 0.00 <0.0031 <0.00 <0.0070 0.01
Pb206 0.03 0.04 0.03 0.03 1.34 0.01
Pb207 0.04 0.03 0.05 0.02 1.68 <0.0159
Pb208 0.02 0.02 0.04 0.01 1.52 0.02
Bi <0.00186 0.00 <0.0026 <0.0021 0.01 0.00
Th <0.00111 <0.00150 <0.00164 <0.00143 <0.00092 <0.00207
Table A5. (Cont.) O'Brien et al.
APPENDIX E 781
Deposit NM Zn Lode NM Zn Lode NM Zn Lode NM Zn Lode NM Zn Lode NM Zn Lode
Sample 093-4-2 093-5-1 093-5-2 093-6-1 093-6-2 093-6-3
Li 15.57 20.85 21.63 20.09 22.86 21.19
Be 3.81 5.15 4.05 4.23 3.86 5.03
B <2.17 <2.58 <1.33 <2.03 <1.44 <1.21
Mg 13892.14 12810.80 13288.73 14120.92 14740.43 15247.18
Al 299238.06 300190.72 300190.69 302148.94 302148.94 302148.91
Si 56.79 65.53 44.96 46.12 133.65 34.21
S <0.00 <0.00 <0.00 <0.00 <0.00 <0.00
K <2.66 <3.22 <1.80 <2.46 <1.77 <1.51
Sc <0.090 <0.108 0.09 0.10 <0.057 0.10
Ti 62.72 85.75 86.29 123.07 96.90 116.65
V 290.07 263.14 273.56 284.65 305.76 310.11
Cr 559.14 144.57 128.27 55.72 149.72 56.75
Mn 1501.91 1523.87 1513.03 1501.08 1569.66 1543.39
Fe 173626.53 170368.94 168140.67 167600.80 174963.63 174088.06
Co 92.16 80.22 76.39 80.41 81.22 77.49
Ni 10.78 10.48 9.49 10.59 10.15 10.59
Cu 5.15 4.75 4.77 4.60 4.86 4.85
Zn 141412.00 140672.38 133865.36 123125.45 133972.81 131209.73
Ga 214.64 229.84 215.33 217.49 206.76 220.28
Ge 0.56 0.52 <0.26 0.66 0.28 0.24
As <0.29 <0.33 0.21 <0.232 <0.174 0.20
Rb <0.0188 <0.025 <0.0155 <0.0185 0.02 <0.0112
Sr 0.02 0.00 0.01 0.01 0.13 0.02
Y 0.13 0.00 <0.0033 <0.0026 0.00 <0.00150
Mo 0.06 0.09 0.05 0.07 <0.028 0.04
Ag 0.07 <0.0087 <0.0061 <0.0103 0.01 <0.0053
Cd 0.71 1.32 0.77 1.17 0.61 1.79
Sn 0.06 <0.035 0.03 0.08 0.04 0.06
Sb <0.0142 <0.0117 <0.0100 <0.0109 <0.0080 <0.0058
Ba 0.07 <0.0190 <0.0153 <0.0112 0.05 <0.0114
La 0.00 <0.00262 <0.00129 0.00 <0.00194 0.00
Ce 0.00 <0.00223 <0.00146 <0.00240 0.00 <0.0019
Pr 0.00 <0.00152 <0.00061 <0.00155 0.00 <0.00074
Nd <0.0135 0.00 <0.0062 <0.00 <0.0066 <0.0053
Sm 0.00 <0.0128 <0.0094 <0.0061 0.00 0.00
Eu 0.00 0.00 <0.0032 <0.0040 <0.00288 <0.00181
Gd <0.0056 <0.0069 <0.0039 <0.0081 <0.0072 0.00
Tb <0.00159 <0.00196 <0.00096 <0.00081 <0.00083 <0.00068
Dy <0.0081 <0.0082 <0.0046 <0.0059 <0.0025 0.00
Ho 0.00 <0.00102 <0.00058 <0.00147 <0.00151 <0.00070
Er 0.03 <0.0091 <0.0045 0.00 0.00 <0.00
Tm 0.01 <0.00137 0.00 <0.00113 <0.00130 <0.00094
Yb 0.08 <0.0138 <0.0050 <0.0051 <0.0053 0.00
Lu 0.01 <0.00250 <0.00116 <0.00085 <0.00123 <0.00050
W <0.0081 0.01 <0.0033 <0.0048 0.00 <0.0063
Pb206 22.04 <0.0157 0.02 0.03 0.02 0.05
Pb207 25.71 0.01 0.02 0.04 0.02 0.09
Pb208 22.84 <0.0128 0.01 0.02 0.01 0.05
Bi <0.0025 <0.0040 0.00 0.00 <0.0031 0.00
Th 0.04 <0.00263 <0.00086 0.00 <0.00183 <0.00074
Table A5. (Cont.) O'Brien et al.
APPENDIX E 782
Deposit NM Zn Lode NM Zn Lode NM Zn Lode NM Zn Lode NM Zn Lode NM Zn Lode
Sample 094-2-1 094-3-1 094-3-2 094A-2-1 094A-3-1 094A-4-2
Li 18.27 15.76 11.98 12.11 11.57 16.25
Be 5.38 5.55 5.26 2.82 5.96 4.94
B <0.63 <0.72 <3.58 <3.76 <4.56 <2.97
Mg 10582.77 7639.52 10658.90 10352.45 10345.81 11160.72
Al 298711.19 298658.25 303260.41 297332.81 297703.28 298179.59
Si 46.69 36.34 88.12 <58.80 <66.63 54.79
S <0.00 <0.00 <0.00 <0.00 <0.00 <0.00
K <1.14 <1.21 <4.27 <5.20 <5.98 <3.85
Sc <0.050 0.10 1.07 0.62 0.60 1.05
Ti 67.13 479.51 166.62 105.85 106.26 432.32
V 82.76 72.19 70.63 70.34 66.96 75.20
Cr 22.16 17.50 9.02 7.30 7.79 6.40
Mn 1475.09 1584.03 2515.44 2704.08 2482.28 2534.44
Fe 206608.70 215458.58 206858.56 213884.89 202739.11 202861.97
Co 57.39 59.64 50.99 51.56 51.82 49.65
Ni 17.98 16.24 14.78 15.60 15.19 15.11
Cu 4.67 5.02 4.34 3.90 5.12 4.17
Zn 108545.48 113664.90 120949.23 109853.02 124215.69 117453.38
Ga 138.75 123.44 138.60 147.92 132.55 124.18
Ge <0.23 0.31 0.87 0.88 <0.91 1.04
As 0.10 0.20 <0.40 <0.49 <0.57 <0.41
Rb <0.0095 <0.0112 <0.036 0.05 <0.052 <0.031
Sr <0.0021 0.00 0.01 <0.0078 0.00 <0.0032
Y <0.0028 <0.0032 <0.0059 <0.0069 0.01 <0.0069
Mo 0.07 <0.038 <0.068 <0.064 <0.079 0.09
Ag 0.01 <0.0131 <0.0107 <0.021 <0.026 <0.0278
Cd 0.62 0.57 1.28 1.28 1.14 0.81
Sn 0.06 0.10 0.07 0.17 <0.077 0.09
Sb <0.0093 <0.0075 0.01 0.03 <0.0241 <0.0161
Ba <0.0113 <0.0166 0.02 <0.034 <0.00 <0.042
La <0.00190 <0.00274 <0.0050 0.01 <0.0041 <0.00
Ce 0.00 <0.00126 <0.0044 0.00 0.00 <0.0036
Pr <0.00108 <0.00173 <0.0033 <0.0033 <0.0033 <0.00135
Nd <0.0062 <0.0050 0.01 <0.016 <0.0192 <0.00
Sm <0.0064 <0.0083 0.01 <0.00 <0.0158 <0.0181
Eu <0.00150 <0.0032 <0.0045 <0.0053 <0.00 <0.0052
Gd <0.0080 <0.0057 <0.0103 <0.0297 <0.0149 <0.0170
Tb <0.00154 <0.00123 <0.00143 <0.0029 <0.0029 <0.00204
Dy <0.0054 <0.0033 <0.0103 <0.0140 <0.00 <0.0069
Ho <0.00073 <0.00101 0.00 <0.00176 <0.00305 <0.00174
Er <0.0046 <0.0026 0.00 <0.0175 0.01 <0.0078
Tm <0.00069 <0.00124 <0.00199 0.00 <0.00203 <0.00164
Yb <0.0081 <0.0060 <0.0201 <0.0184 <0.0291 <0.0105
Lu <0.00103 <0.00116 0.00 <0.0030 <0.0037 <0.0024
W <0.0042 0.00 <0.0123 0.01 0.01 <0.0124
Pb206 0.03 0.02 0.10 <0.0195 <0.032 0.01
Pb207 0.02 <0.0102 0.06 <0.024 0.04 <0.0168
Pb208 0.02 0.01 0.05 <0.0137 0.02 0.02
Bi <0.0022 0.00 <0.0055 <0.0046 <0.0097 <0.0068
Th 0.00 <0.00194 <0.00322 <0.00 <0.0046 <0.00265
Table A5. (Cont.) O'Brien et al.
APPENDIX E 783
Deposit NM Zn Lode NM Zn Lode NM Zn Lode NM Zn Lode NM Zn Lode Potosi Dump
Sample 094A-4-3 094A-5-1 094A-5-2 094A-6-1 094A-6-2 010-1-1
Li 16.73 8.56 16.21 10.06 10.89 3.23
Be 4.80 5.01 3.88 3.14 5.90 2.73
B <3.18 <2.74 <2.73 <2.77 <2.72 1.15
Mg 10820.21 11384.17 10610.35 11945.71 11617.26 11420.99
Al 298179.59 299026.41 299026.41 296750.63 296750.63 300404.25
Si 61.98 <38.63 <40.39 <43.14 <40.91 42.81
S <0.00 <0.00 <0.00 <0.00 <0.00 <0.00
K <3.92 <3.50 <3.61 <3.88 <3.66 <1.26
Sc 0.70 0.80 0.55 0.96 1.03 0.28
Ti 131.64 133.69 109.85 104.68 104.56 61.47
V 74.83 71.42 70.32 82.36 83.04 92.20
Cr 5.87 21.33 46.82 11.05 10.55 1.63
Mn 2464.24 2465.31 2471.30 2614.07 2603.66 2383.00
Fe 197439.64 204451.56 201578.94 209003.48 209773.42 153010.05
Co 49.20 53.49 52.61 55.75 54.35 154.38
Ni 14.56 15.37 14.13 16.93 17.40 34.97
Cu 3.70 4.06 4.62 5.43 4.22 8.12
Zn 113758.57 119037.63 121234.65 131513.66 125593.25 177614.52
Ga 126.84 127.70 127.49 134.62 138.00 122.15
Ge <0.61 0.75 <0.55 <0.61 <0.57 <0.27
As <0.39 <0.34 <0.34 <0.39 0.54 0.20
Rb <0.031 <0.032 <0.026 <0.030 <0.030 <0.0107
Sr 0.00 <0.0065 <0.0031 <0.0048 <0.0083 <0.00224
Y <0.0068 <0.0026 0.01 <0.0042 <0.0037 <0.0037
Mo 0.09 <0.054 0.13 0.09 0.15 0.08
Ag <0.0165 0.01 <0.0123 0.02 <0.0165 0.01
Cd 0.86 0.94 0.77 1.02 0.76 1.18
Sn 0.05 0.06 0.05 0.09 0.09 0.14
Sb <0.0150 <0.0180 <0.0137 <0.0172 <0.0075 <0.0111
Ba <0.0184 0.01 <0.033 0.01 <0.0158 <0.0123
La <0.0036 <0.00 0.00 <0.0025 <0.00219 <0.00178
Ce <0.0031 <0.0045 0.02 <0.0030 0.00 <0.00140
Pr <0.00253 <0.00246 0.00 <0.00203 <0.00177 <0.00131
Nd <0.0145 <0.0158 <0.0201 <0.0082 <0.0124 <0.0058
Sm <0.0098 <0.0116 <0.0199 <0.0192 0.02 <0.0098
Eu <0.0028 <0.0041 <0.0045 <0.0039 0.00 <0.0026
Gd 0.00 0.01 <0.0221 0.00 <0.0136 <0.0087
Tb <0.00127 <0.00185 <0.0023 <0.00125 <0.00109 0.00
Dy <0.0092 <0.0118 <0.0083 <0.0090 <0.0064 <0.0074
Ho 0.00 <0.00112 <0.0024 <0.00130 <0.00113 <0.00113
Er <0.0118 <0.0070 0.01 <0.0082 <0.0051 <0.0067
Tm <0.00177 <0.00149 0.00 <0.00213 <0.00107 <0.00075
Yb 0.00 <0.0117 0.01 <0.0157 0.00 <0.0088
Lu <0.00185 <0.00292 0.00 <0.00129 <0.00158 <0.00098
W <0.00 <0.0160 0.01 <0.0132 <0.0094 <0.0046
Pb206 <0.0181 0.08 0.38 0.04 <0.0141 0.02
Pb207 <0.0272 0.07 0.35 0.05 0.03 0.05
Pb208 <0.0122 0.05 0.35 0.04 0.01 0.03
Bi 0.01 <0.0046 <0.0045 <0.0034 <0.0030 <0.0030
Th <0.0029 <0.00 0.01 <0.00 <0.00173 <0.00160
Table A5. (Cont.) O'Brien et al.
APPENDIX E 784
Deposit Potosi Dump Potosi Dump Potosi Dump Potosi Dump Potosi Dump Potosi Dump
Sample 010-1-2 010-1-3 010-2-1 010-2-2 010-2-3 010-5-1
Li 2.29 3.26 4.06 2.70 2.75 2.35
Be 2.47 2.14 2.62 2.55 2.28 2.73
B 0.97 <0.66 <0.64 0.63 <0.66 <0.63
Mg 10809.47 9829.21 10642.63 11323.26 8943.31 7960.75
Al 300404.38 300404.44 301569.00 301569.03 301569.06 299928.47
Si 33.57 <17.97 37.09 42.16 123.85 42.47
S <0.00 <0.00 <0.00 <0.00 <0.00 <0.00
K <1.22 <1.21 2.58 <0.96 <1.00 <1.04
Sc 0.27 0.35 0.38 0.19 0.31 0.17
Ti 60.66 66.59 64.38 51.41 64.99 33.25
V 93.00 94.77 89.75 97.40 94.47 84.40
Cr 1.68 4.37 2.73 6.60 2.62 1.11
Mn 2240.11 1741.01 2149.13 2129.00 1179.66 1508.38
Fe 143353.81 141611.80 141133.78 147427.33 130367.63 120212.24
Co 153.95 154.22 153.26 157.30 153.93 138.01
Ni 34.18 33.04 32.74 34.40 33.95 27.10
Cu 7.83 8.23 7.90 8.06 8.67 8.57
Zn 176735.45 179269.77 177476.42 179586.61 191715.47 193130.61
Ga 124.60 119.71 123.92 123.32 137.92 126.59
Ge 0.27 <0.229 <0.188 <0.192 <0.202 <0.205
As <0.104 0.14 0.09 <0.087 0.10 0.15
Rb <0.0106 <0.0108 <0.0093 <0.0090 <0.0099 0.01
Sr 0.12 <0.0035 0.00 0.00 0.02 0.00
Y <0.0036 0.01 <0.00220 <0.0041 0.04 0.01
Mo 0.09 0.06 0.09 0.07 0.05 0.04
Ag <0.0074 <0.0089 <0.0079 <0.0101 <0.0101 <0.0092
Cd 1.32 0.84 1.49 1.35 1.78 2.17
Sn 0.11 0.13 0.18 0.05 0.13 0.05
Sb <0.0068 <0.0063 <0.0080 <0.0059 0.01 <0.0046
Ba <0.0157 <0.0178 <0.0142 0.27 <0.0130 <0.0145
La <0.00143 <0.00181 <0.00092 <0.00150 0.01 <0.00171
Ce <0.00228 <0.00143 <0.00125 0.02 0.01 <0.00201
Pr <0.00141 <0.00084 <0.00117 <0.00094 <0.00120 <0.00146
Nd <0.0047 <0.0049 <0.0043 <0.0031 <0.0062 <0.0040
Sm <0.0088 <0.0100 <0.0062 <0.0091 <0.0073 <0.0058
Eu <0.00253 <0.00288 <0.00206 0.00 <0.00149 <0.00214
Gd <0.0066 <0.0069 <0.0069 0.01 <0.0062 <0.0085
Tb 0.00 <0.00094 <0.00067 <0.00070 <0.00138 <0.00088
Dy <0.0044 <0.0065 <0.0035 <0.0059 <0.0054 <0.0037
Ho <0.00096 <0.00141 <0.00101 <0.00090 <0.00115 0.00
Er 0.00 0.00 <0.0045 <0.0033 0.01 <0.0075
Tm <0.00074 <0.00122 <0.00082 <0.00070 0.00 <0.00077
Yb <0.0033 <0.0090 <0.0084 <0.0044 <0.0068 <0.0078
Lu <0.00136 <0.00141 0.00 0.00 0.00 <0.00132
W 0.00 <0.0066 <0.0041 0.00 0.01 0.01
Pb206 0.13 0.18 0.07 0.08 0.46 0.09
Pb207 0.19 0.22 0.08 0.07 0.63 0.09
Pb208 0.18 0.20 0.09 0.09 0.56 1.11
Bi <0.0033 0.01 0.00 0.00 0.01 0.00
Th <0.00091 <0.00212 <0.00083 <0.00122 <0.00086 <0.00135
Table A5. (Cont.) O'Brien et al.
APPENDIX E 785
Deposit Potosi Dump Potosi Dump Potosi Dump Potosi Dump Potosi Dump Potosi Dump
Sample 010-5-3 010-6-1 010-6-2 012-2-1 012-2-2 012-3-1
Li 3.70 2.23 <1.91 7.68 4.18 4.57
Be 3.39 3.00 5.53 2.68 2.31 3.05
B <0.68 <0.63 3.09 0.30 <0.213 <0.237
Mg 8064.39 8609.45 7456.76 10263.95 9503.01 8560.36
Al 299928.50 300563.63 300563.56 299344.03 299344.03 298867.72
Si 40.11 47.29 76.29 80.61 249.04 56.52
S <0.00 <0.00 <0.00 <0.00 <0.00 <0.00
K <1.10 <1.03 <2.53 <0.28 1.50 <0.27
Sc 0.21 0.21 <0.116 0.33 0.24 0.45
Ti 39.38 91.89 68.36 38.20 42.21 66.41
V 87.67 100.84 93.47 87.53 85.41 96.81
Cr 1.29 12.03 5.13 <0.160 <0.125 1.03
Mn 1759.23 1547.68 1065.98 2427.68 1618.72 1540.36
Fe 122150.91 134642.91 115915.60 142379.64 126170.97 136170.73
Co 137.92 152.02 127.95 149.63 142.91 161.29
Ni 27.45 31.18 25.36 23.11 22.77 27.52
Cu 8.00 8.21 6.21 0.36 0.23 0.08
Zn 187274.98 190062.59 138459.56 161639.44 169341.45 186043.80
Ga 116.90 192.95 114.17 158.66 159.90 176.75
Ge <0.226 <0.223 0.55 0.17 0.14 0.17
As <0.089 0.09 <0.19 <0.038 <0.037 0.05
Rb <0.0088 <0.0094 <0.020 <0.0039 0.01 <0.0041
Sr <0.0040 <0.0026 0.02 0.00 0.04 <0.00099
Y <0.00169 <0.0026 0.01 0.00 0.01 0.00
Mo 0.06 0.06 <0.076 0.11 0.09 0.02
Ag <0.0082 <0.0118 <0.0213 0.01 0.01 <0.0043
Cd 1.99 2.07 1.39 3.07 3.34 4.67
Sn 0.08 0.10 0.13 0.28 0.22 0.25
Sb <0.0098 <0.0063 0.02 <0.0078 0.02 <0.0044
Ba <0.0119 0.01 <0.00 <0.0075 0.03 0.01
La <0.00140 <0.00108 <0.0034 <0.00130 <0.00093 <0.00109
Ce <0.00117 <0.00117 0.01 <0.00148 <0.00113 0.00
Pr <0.00138 0.00 <0.0039 0.00 0.00 <0.00104
Nd <0.0065 <0.0062 0.01 <0.0052 <0.0051 <0.0049
Sm <0.0038 <0.0073 <0.014 0.00 0.01 <0.0063
Eu <0.0029 <0.00210 <0.0068 0.00 <0.00245 <0.00135
Gd <0.0084 <0.0100 <0.0228 0.01 <0.0056 <0.0059
Tb <0.00051 <0.00118 0.00 <0.00064 <0.00080 <0.00093
Dy <0.0043 <0.0029 <0.0093 0.00 <0.0038 <0.0032
Ho <0.00108 <0.00072 <0.00234 <0.00097 <0.00113 0.00
Er <0.0054 <0.0026 <0.014 <0.0054 0.00 0.01
Tm <0.00102 <0.00088 <0.00156 <0.00082 0.00 <0.00119
Yb <0.0072 <0.0066 0.01 <0.0042 <0.0070 <0.0056
Lu <0.00054 <0.00102 0.00 <0.00087 <0.00088 <0.00094
W <0.0054 <0.0048 <0.0134 0.01 0.00 0.01
Pb206 0.05 0.16 0.48 0.02 0.40 0.04
Pb207 0.06 0.07 0.57 0.02 0.48 0.05
Pb208 0.06 0.07 0.51 0.02 0.46 0.03
Bi 0.00 0.00 <0.0057 <0.0027 0.00 <0.00238
Th <0.00090 0.00 0.01 <0.00141 <0.00160 <0.00118
Table A5. (Cont.) O'Brien et al.
APPENDIX E 786
Deposit Potosi Dump Potosi Dump Potosi Dump Potosi Dump Potosi Dump Potosi Dump
Sample 012-3-2 012-4-1 012-4-2 012-7-1 012-7-2 012-7-A
Li 3.50 4.62 5.68 6.02 4.19 4.76
Be 2.43 2.49 2.91 2.74 2.24 2.50
B <0.230 0.34 <0.236 0.24 0.25 <0.047
Mg 7766.04 9533.48 9359.72 9782.70 7484.55 7280.76
Al 298867.75 299185.25 299185.25 299396.91 256103.42 250784.34
Si 71.72 71.49 63.57 54.69 82.46 32.14
S <0.00 <0.00 <0.00 <0.00 <0.00 <0.00
K 7.18 <0.28 <0.27 3.02 1.03 0.39
Sc 0.29 0.42 0.34 0.33 0.25 0.29
Ti 63.69 45.61 41.26 39.98 33.33 32.88
V 108.03 88.47 94.35 85.97 73.19 69.05
Cr 5.49 0.26 <0.153 0.15 0.09 <0.039
Mn 1028.19 2216.08 2135.42 2320.18 1659.02 1769.35
Fe 117778.84 137141.22 137582.84 144116.48 116596.66 116596.65
Co 142.05 154.05 152.12 152.15 131.13 126.05
Ni 25.19 25.78 23.99 24.80 20.71 20.77
Cu 0.19 0.16 0.19 0.17 0.17 0.17
Zn 179581.31 182843.63 172643.05 152494.02 135787.98 122871.51
Ga 172.15 141.19 134.45 132.11 112.02 108.23
Ge 0.14 0.22 0.11 <0.068 0.08 0.12
As <0.036 0.07 1.18 <0.028 0.02 <0.0067
Rb 0.13 <0.0038 <0.0045 0.01 0.01 <0.00091
Sr 0.00 <0.00108 0.00 0.00 0.01 <0.00048
Y 0.01 0.00 0.00 <0.00132 0.00 <0.00047
Mo 0.06 0.11 0.12 0.15 0.09 0.08
Ag 0.01 <0.0070 <0.0061 0.01 0.01 0.00
Cd 3.84 3.44 3.10 1.73 0.94 0.99
Sn 0.27 0.30 0.32 0.18 0.12 0.12
Sb 0.01 <0.0048 <0.0051 0.01 <0.0030 <0.00128
Ba 0.02 <0.0096 <0.0072 0.02 0.01 <0.0031
La 0.00 0.00 0.00 <0.00091 <0.00059 <0.00035
Ce 0.00 0.00 0.00 <0.00166 <0.00036 <0.00046
Pr <0.00086 <0.00079 <0.00060 <0.00052 <0.00030 <0.00011
Nd 0.00 <0.0070 <0.0056 0.01 0.00 <0.00132
Sm <0.0081 0.00 <0.0042 <0.0078 <0.0045 0.00
Eu <0.00129 0.00 <0.00179 <0.00257 <0.00081 <0.00052
Gd <0.0070 <0.0064 <0.0053 <0.0082 <0.0033 <0.00204
Tb <0.00100 <0.00082 <0.00044 <0.00082 <0.00062 <0.00012
Dy <0.0046 0.00 <0.0026 <0.0025 <0.00201 0.00
Ho <0.00095 <0.00152 <0.00094 0.00 0.00 <0.00032
Er <0.0043 <0.00199 <0.0042 0.01 <0.0025 <0.00114
Tm <0.00066 <0.00122 <0.00079 <0.00106 0.00 <0.00028
Yb <0.0042 0.01 <0.0077 0.00 <0.0027 0.00
Lu <0.00070 0.00 <0.00049 <0.00162 <0.00060 <0.00040
W 0.01 <0.0060 <0.0076 <0.0107 <0.0034 <0.00188
Pb206 0.48 0.10 0.03 0.07 0.06 0.03
Pb207 0.56 0.10 0.04 0.07 0.05 0.03
Pb208 0.53 0.09 0.03 0.06 0.05 0.03
Bi <0.00199 0.00 <0.00195 0.00 0.00 0.00
Th 0.00 <0.00195 <0.00175 <0.00145 <0.00083 <0.00055
Table A5. (Cont.) O'Brien et al.
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Deposit Potosi Dump Potosi Dump Potosi Dump Potosi Dump Potosi Dump Potosi Dump
Sample 014-1-1 014-2-1 014-3-1 014-3-2 014-3-3 014-4-1
Li 3.52 3.16 3.11 6.82 5.92 5.83
Be 1.91 1.72 2.15 1.97 1.77 1.68
B <1.05 <0.88 <1.09 <1.07 <0.99 <1.90
Mg 12474.27 9447.42 12131.16 16539.06 16502.87 15874.24
Al 297597.56 300349.66 301566.94 301566.94 301566.94 302254.97
Si <20.61 34.32 90.07 33.24 31.68 <42.01
S <0.00 <0.00 <0.00 <0.00 <0.00 <0.00
K <1.32 <1.24 <1.42 <1.44 <1.33 <2.50
Sc 0.75 0.69 0.83 1.12 1.09 0.98
Ti 42.63 34.39 38.67 111.76 74.94 91.97
V 153.87 103.09 197.63 203.48 199.45 205.05
Cr 81.51 0.81 4.26 3.62 2.99 7.39
Mn 2311.99 1640.10 2388.16 3481.80 3346.36 3263.29
Fe 79188.26 77201.14 100976.15 114202.91 110127.40 113677.82
Co 79.50 78.83 112.40 109.08 106.20 111.97
Ni 18.02 17.60 24.46 25.19 24.87 27.34
Cu 7.64 7.93 6.58 6.36 5.45 7.45
Zn 218349.89 222623.52 186638.14 171443.09 152103.77 194433.83
Ga 95.75 89.67 214.43 216.78 207.50 237.35
Ge <0.260 <0.27 <0.30 <0.31 0.45 <0.51
As <0.148 <0.139 <0.159 <0.176 0.22 <0.31
Rb <0.0110 <0.0102 <0.0134 <0.0142 <0.0099 <0.0218
Sr <0.00185 <0.0027 0.00 <0.00258 <0.00215 0.00
Y <0.0027 <0.0029 0.01 0.00 <0.0038 <0.0061
Mo 0.07 0.05 0.06 0.13 0.12 0.08
Ag <0.0129 0.01 <0.0102 <0.0125 0.01 <0.0193
Cd 4.74 6.11 4.44 3.67 4.23 4.70
Sn 0.02 <0.0195 0.05 <0.0242 0.04 <0.044
Sb <0.0079 <0.0108 <0.0116 <0.0126 <0.0086 <0.0159
Ba <0.0073 <0.0123 <0.0138 0.01 <0.0208 0.02
La <0.00206 <0.00150 <0.00177 <0.00165 <0.00069 0.00
Ce <0.00174 <0.00145 <0.00204 <0.00197 <0.00134 0.00
Pr <0.00118 <0.00171 <0.00091 <0.00232 <0.00125 <0.00180
Nd <0.0079 <0.0042 <0.0067 <0.0040 <0.0082 <0.0109
Sm <0.0072 <0.0098 <0.0079 <0.0082 <0.0068 <0.0209
Eu <0.0032 <0.00200 <0.00226 <0.00192 <0.0025 0.00
Gd <0.0089 <0.0075 <0.0107 <0.0120 <0.0076 <0.0188
Tb <0.00115 <0.00084 0.00 <0.00132 <0.00123 <0.00146
Dy <0.0053 <0.0040 0.01 <0.0027 <0.0060 <0.0096
Ho <0.00147 <0.00142 0.00 <0.00097 <0.00114 <0.00214
Er <0.0027 <0.0032 <0.0029 0.00 <0.0063 <0.0096
Tm <0.00127 <0.00095 <0.00152 <0.00065 0.00 <0.00203
Yb <0.0063 0.00 <0.0069 <0.0072 <0.0069 <0.0113
Lu <0.00135 <0.00072 <0.00163 0.00 0.00 <0.00153
W 0.00 <0.0066 <0.0055 <0.0057 <0.0082 <0.0089
Pb206 0.06 0.07 0.23 0.04 0.03 0.03
Pb207 0.06 0.07 0.24 0.02 0.03 0.07
Pb208 0.07 0.07 0.23 0.03 0.04 0.03
Bi 0.01 0.01 0.01 0.01 0.01 0.01
Th <0.00127 <0.00106 <0.00139 0.00 0.00 <0.00228
Table A5. (Cont.) O'Brien et al.
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Deposit Potosi Dump Potosi Dump Potosi Dump Potosi Dump Potosi Dump Potosi Ext.
Sample 014-4-2 014-4-3 014-4-4 014-6-1 014-6-2 102-2-1
Li 6.16 6.58 5.02 5.77 5.42 3.87
Be 1.66 1.75 1.45 2.14 1.92 3.50
B <0.99 <1.06 <1.39 <2.00 <1.97 <0.145
Mg 15497.33 15502.57 14554.69 17579.41 10894.75 5339.65
Al 302254.97 302254.97 300349.66 301461.09 301461.09 296430.25
Si 35.80 22.81 <28.04 <43.58 99.62 43.45
S <0.00 <0.00 <0.00 <0.00 <0.00 <0.00
K <1.36 <1.28 <1.72 <2.58 12.54 0.22
Sc 0.79 0.93 1.14 0.68 0.83 0.02
Ti 63.63 81.01 77.59 70.65 76.40 2.35
V 207.97 219.79 202.46 203.19 202.18 80.12
Cr 8.44 9.01 3.60 3.93 11.24 4.17
Mn 3100.60 3015.59 3089.13 3701.83 2635.09 341.18
Fe 109626.53 109509.31 110849.38 123187.16 103013.91 66585.54
Co 108.55 105.77 105.96 113.37 117.86 91.45
Ni 27.26 26.22 24.81 27.63 27.19 8.39
Cu 7.37 7.43 6.80 6.88 11.82 0.12
Zn 197008.64 198747.00 187673.47 192059.88 209975.98 243716.91
Ga 222.34 208.61 228.29 239.67 249.91 178.82
Ge <0.28 0.37 <0.34 0.53 0.74 <0.049
As <0.178 <0.150 <0.201 <0.36 <0.34 <0.026
Rb <0.0121 <0.0105 <0.0160 <0.0223 0.25 <0.0037
Sr <0.0021 0.00 <0.00240 <0.0058 0.01 0.01
Y <0.0030 <0.0025 <0.0047 <0.0048 <0.0047 0.01
Mo 0.12 0.10 0.14 0.11 0.10 <0.0098
Ag <0.0094 <0.0164 0.02 <0.0205 0.12 <0.0044
Cd 3.99 3.05 3.99 5.66 7.25 5.51
Sn 0.07 0.04 0.03 0.08 0.09 0.18
Sb <0.0085 <0.0072 <0.0102 <0.0166 <0.0195 <0.0047
Ba 0.01 <0.0074 0.01 <0.0205 0.03 <0.0072
La <0.00182 <0.00195 <0.00189 <0.00144 0.01 <0.00099
Ce 0.00 0.00 <0.00225 0.00 0.01 <0.00121
Pr <0.00176 <0.00158 <0.00229 <0.00202 <0.0030 <0.00069
Nd <0.0089 0.00 <0.0092 <0.0071 0.01 <0.0046
Sm <0.0104 <0.0095 <0.0143 <0.0234 <0.0229 <0.0075
Eu <0.00227 0.00 <0.0038 <0.0034 <0.0070 0.00
Gd <0.0114 <0.0115 <0.0147 <0.0159 <0.0174 <0.0067
Tb <0.00096 <0.00084 <0.00131 <0.00116 <0.00161 <0.00096
Dy <0.0040 <0.0060 <0.0031 <0.0107 <0.0067 <0.0025
Ho <0.00099 <0.00137 <0.00111 <0.00120 <0.00118 <0.00090
Er <0.0026 <0.0048 0.01 0.00 <0.0118 <0.0049
Tm <0.00054 <0.00101 <0.00166 0.00 <0.00250 0.00
Yb <0.0049 <0.0037 <0.0106 <0.0179 <0.0160 <0.0067
Lu <0.00130 <0.00088 <0.00194 <0.00173 <0.00293 <0.00076
W <0.0068 <0.0036 0.00 0.00 0.00 0.00
Pb206 0.03 0.05 0.02 0.04 0.27 0.29
Pb207 0.05 0.05 0.04 0.04 0.30 0.21
Pb208 0.06 0.06 0.02 0.05 0.28 0.20
Bi 0.01 0.01 <0.0051 <0.0092 0.02 <0.0037
Th <0.00122 0.00 <0.00288 <0.00181 <0.0031 <0.00144
Table A5. (Cont.) O'Brien et al.
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Deposit Potosi Ext. Potosi Ext. Potosi Ext. Potosi Ext. Potosi Ext. Potosi Ext. Potosi Ext.
Sample 102-2-2 102-3-2 102-3-3 102-6-1 102-6-2 102-7-1 102-7-2
Li 4.34 4.06 3.56 5.73 3.67 3.67 3.86
Be 3.65 2.51 3.42 5.34 3.76 3.03 2.69
B <0.135 <0.176 0.25 0.27 0.42 <0.179 0.37
Mg 4199.55 5045.25 5019.00 5733.52 4017.28 4250.01 4768.20
Al 296430.22 297118.31 297118.31 296271.63 296271.59 296430.34 296430.38
Si 141.31 75.22 75.28 46.05 55.25 49.97 36.24
S <0.00 <0.00 <0.00 <0.00 <0.00 <0.00 <0.00
K 26.69 5.70 4.76 1.15 3.88 <0.205 0.47
Sc 0.02 <0.0122 0.02 0.11 <0.0102 <0.0125 0.01
Ti 2.02 1.93 2.34 7.67 2.84 1.39 2.10
V 59.03 71.43 75.59 18.36 32.63 38.59 67.35
Cr 0.71 0.99 8.78 0.43 0.77 0.57 0.45
Mn 329.97 329.82 326.00 2322.83 872.66 399.94 311.93
Fe 67771.41 68354.95 66602.72 73278.31 67260.55 65902.84 67656.95
Co 94.86 92.29 91.09 118.43 189.36 96.09 93.61
Ni 11.61 8.13 9.11 13.20 10.95 7.44 9.89
Cu 0.14 0.21 0.24 0.32 0.55 0.12 0.13
Zn 235530.00 214479.92 217424.17 227825.41 217469.22 230918.33 225733.63
Ga 225.84 182.00 177.94 287.16 342.60 298.08 187.12
Ge 0.09 0.10 0.06 0.08 0.09 0.11 0.04
As 0.04 0.03 <0.027 <0.033 <0.023 <0.024 <0.0219
Rb 0.39 0.07 0.07 <0.0035 <0.0022 0.00 <0.00211
Sr 0.02 6.37 0.04 0.00 0.01 <0.00086 0.00
Y 0.01 <0.00130 0.00 0.00 0.00 0.00 0.00
Mo 0.03 0.01 0.02 0.21 0.89 0.01 0.01
Ag 0.01 0.01 0.01 0.01 0.01 0.01 <0.0034
Cd 4.26 5.64 5.31 5.89 5.35 7.29 5.37
Sn 0.11 0.14 0.12 0.09 0.13 0.12 0.12
Sb 0.01 0.00 0.00 <0.0060 0.09 <0.0050 <0.0030
Ba 0.03 0.03 0.06 <0.0099 0.01 0.01 <0.00
La 0.00 <0.00080 0.00 <0.00042 <0.00030 <0.00090 <0.00039
Ce 0.01 0.00 0.00 0.00 <0.00072 <0.00068 <0.00038
Pr 0.00 <0.00066 <0.00048 0.00 <0.00066 <0.00058 <0.00072
Nd <0.0025 0.00 <0.0034 <0.0055 <0.0034 0.01 <0.0042
Sm <0.0046 <0.0054 <0.0050 <0.0044 <0.0041 <0.0025 0.01
Eu <0.00138 <0.00072 <0.00105 <0.00106 <0.00121 <0.00145 <0.00172
Gd 0.01 <0.0062 <0.0043 <0.0045 0.00 <0.0044 <0.0049
Tb <0.00059 <0.00096 <0.00068 <0.00100 <0.00082 0.00 <0.00066
Dy <0.0027 <0.0038 <0.0032 <0.0042 0.01 <0.0038 <0.0024
Ho <0.00098 0.00 <0.00081 <0.00091 <0.00042 <0.00079 <0.00060
Er <0.0042 <0.0039 0.00 <0.0045 <0.0038 <0.0064 <0.0024
Tm 0.00 <0.00101 <0.00064 <0.00079 <0.00050 <0.00101 <0.00064
Yb 0.00 <0.0042 <0.0045 0.00 <0.0057 0.01 0.01
Lu <0.00042 <0.00091 0.00 <0.00134 0.00 <0.00082 <0.00080
W 0.00 <0.0048 0.01 0.00 <0.0048 <0.0049 0.00
Pb206 0.12 0.27 0.16 0.07 0.32 0.03 0.16
Pb207 0.12 0.19 0.22 0.07 0.40 0.05 0.16
Pb208 0.09 0.16 0.19 0.08 0.38 0.06 0.13
Bi 0.00 0.01 0.01 <0.0035 <0.0030 0.00 0.00
Th <0.00111 <0.00169 <0.00082 0.00 <0.00116 <0.00156 0.00
Table A5. (Cont.) O'Brien et al.
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Deposit Potosi North Potosi North Potosi North Potosi North Potosi North Potosi North
Sample 104-1-1 104-1-2 104-3-1 104-3-2 104-4-1 104-4-2
Li 8.08 7.91 5.73 5.45 7.59 5.37
Be 3.12 2.08 2.75 2.19 1.98 2.52
B <0.219 0.45 0.24 <0.188 0.19 <0.192
Mg 6450.49 4773.10 6306.09 5175.82 6514.50 5643.48
Al 298497.28 298497.31 297438.78 297438.75 298020.94 298020.94
Si 50.52 67.67 88.52 38.84 31.04 65.45
S <0.00 <0.00 <0.00 <0.00 <0.00 <0.00
K <0.28 17.43 <0.27 <0.237 <0.175 <0.224
Sc 1.35 1.06 1.24 1.22 1.51 1.10
Ti 30.16 30.12 30.30 26.43 37.68 22.18
V 0.16 0.19 0.16 0.17 0.18 0.19
Cr <0.159 <0.123 0.20 <0.136 <0.103 0.19
Mn 2610.28 1943.38 2626.28 2224.43 2594.22 2111.97
Fe 91251.27 83323.51 90269.66 87463.77 86064.23 83994.95
Co 74.06 71.86 73.65 69.97 67.30 67.23
Ni 28.59 26.45 27.23 26.01 24.91 24.00
Cu 0.23 0.19 0.12 0.13 0.19 0.10
Zn 231673.41 230444.30 228872.22 219034.34 190347.80 199999.89
Ga 92.64 86.32 95.45 87.29 92.44 86.03
Ge <0.086 0.17 0.25 0.20 0.19 0.15
As <0.052 <0.031 0.09 0.04 0.04 <0.033
Rb <0.0042 <0.0037 <0.0038 <0.0030 <0.0031 <0.0027
Sr <0.00109 0.00 0.01 0.00 0.00 0.00
Y <0.00143 0.00 <0.00176 <0.00148 <0.00041 0.00
Mo 0.14 0.09 0.08 0.12 0.11 0.10
Ag 0.01 0.00 <0.0052 <0.0031 <0.0026 <0.0045
Cd 9.98 8.60 9.07 8.59 8.01 6.11
Sn 0.29 0.23 0.28 0.25 0.18 0.17
Sb <0.0067 <0.0048 <0.0052 <0.0053 0.01 <0.0034
Ba 0.01 0.01 <0.0103 <0.0055 <0.0063 0.01
La <0.00086 0.00 0.00 <0.00116 <0.00048 <0.00088
Ce <0.00120 <0.00068 0.00 <0.00101 <0.00048 0.00
Pr 0.00 0.00 <0.00085 0.00 <0.00061 <0.00065
Nd <0.00244 0.00 0.01 <0.0038 <0.00276 <0.0043
Sm <0.0041 <0.0061 <0.0066 <0.0039 0.00 0.00
Eu <0.00150 0.00 0.00 0.00 <0.00098 <0.00168
Gd <0.0097 <0.0052 <0.0067 <0.0056 <0.0037 0.01
Tb <0.00111 <0.00095 <0.00055 0.00 <0.00041 <0.00058
Dy <0.0025 <0.0037 <0.0028 <0.0039 <0.0028 <0.0040
Ho <0.00109 <0.00050 <0.00101 <0.00125 <0.00067 <0.00079
Er <0.0064 <0.0028 <0.0059 <0.0031 <0.0028 <0.0043
Tm 0.00 0.00 <0.00070 <0.00090 <0.00078 <0.00104
Yb <0.0083 <0.0066 0.01 <0.0057 <0.0027 <0.0054
Lu <0.00144 <0.00131 <0.00085 <0.00050 <0.00045 <0.00073
W <0.0054 <0.0043 0.01 <0.0021 <0.0043 0.00
Pb206 0.03 0.12 0.05 0.08 0.04 0.07
Pb207 0.06 0.13 0.03 0.13 0.05 0.08
Pb208 0.04 0.13 0.06 0.08 0.04 0.07
Bi 0.01 <0.00208 0.00 <0.00228 <0.00182 0.00
Th <0.00170 0.00 0.00 0.00 <0.00075 <0.00160
Table A5. (Cont.) O'Brien et al.
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Deposit Potosi North Potosi North Potosi North Potosi North Potosi North Potosi North
Sample 104-4-3 104-4-4 104-4-5 104-4-6 104-4-A 104-4-C
Li 8.38 3.96 6.11 8.00 7.49 6.03
Be 2.40 2.55 2.27 2.24 1.77 2.06
B 0.21 <0.197 0.20 <0.231 14.02 2.73
Mg 6460.02 2467.59 5355.49 5914.84 5431.69 4750.86
Al 298020.94 298020.94 298020.94 298020.94 247070.16 259976.39
Si 50.69 290.31 55.93 57.82 44.88 60.03
S <0.00 <0.00 <0.00 <0.00 <0.00 <0.00
K 0.47 129.06 1.59 <0.25 10.24 8.69
Sc 1.50 0.68 1.33 1.41 1.23 1.30
Ti 38.25 27.66 33.95 46.28 36.42 34.27
V 0.22 0.25 0.23 0.23 0.19 0.25
Cr 0.29 0.21 <0.124 0.21 0.12 0.10
Mn 2522.33 1008.86 2080.62 2393.37 2155.83 1820.31
Fe 86795.68 73367.62 80241.23 87157.09 75476.91 75476.91
Co 67.64 67.41 65.32 69.95 61.38 62.49
Ni 24.79 23.38 23.67 25.55 23.17 23.75
Cu 0.22 0.13 0.14 0.17 0.66 2.23
Zn 197088.59 229947.67 196990.75 208906.44 160125.53 161903.38
Ga 90.04 93.90 83.32 93.58 83.53 83.63
Ge 0.14 0.12 0.11 0.27 0.15 0.13
As <0.036 <0.034 0.03 0.06 0.02 0.02
Rb <0.0028 1.44 0.02 <0.0031 0.03 0.10
Sr <0.00155 0.01 0.00 0.00 0.01 0.11
Y <0.00122 0.01 <0.00080 0.00 <0.00039 0.00
Mo 0.14 0.05 0.12 0.13 0.11 0.10
Ag 0.00 <0.0049 0.00 <0.0028 0.00 0.01
Cd 6.45 8.25 6.24 6.66 1.90 3.03
Sn 0.23 0.41 0.26 0.24 0.12 0.16
Sb <0.0056 0.11 0.01 0.00 <0.0035 0.09
Ba <0.0053 0.45 0.01 <0.0059 <0.0063 0.08
La 0.00 0.00 0.00 <0.00110 0.00 0.00
Ce <0.00074 0.00 <0.00116 <0.00109 <0.00052 <0.00129
Pr 0.00 0.00 <0.00032 <0.00084 <0.00031 <0.00062
Nd <0.0026 <0.0056 <0.0047 <0.00205 <0.0027 <0.0043
Sm <0.0038 <0.0033 <0.0060 <0.0069 <0.0043 0.00
Eu <0.00146 <0.00121 <0.00136 0.00 <0.00135 <0.00136
Gd <0.0071 <0.0048 <0.0077 0.01 <0.0053 0.01
Tb <0.00045 <0.00108 <0.00066 <0.00036 0.00 <0.00034
Dy <0.0030 <0.0038 <0.00198 <0.0037 <0.00145 <0.0025
Ho <0.00076 0.00 <0.00079 <0.00084 0.00 <0.00140
Er <0.0038 <0.0028 <0.0032 <0.0045 <0.00202 <0.0058
Tm <0.00099 <0.00093 <0.00069 <0.00104 <0.00057 <0.00081
Yb <0.0036 <0.0063 <0.0062 0.00 0.00 0.01
Lu 0.00 <0.00091 <0.00063 0.00 <0.00067 <0.00078
W <0.0050 <0.0054 <0.0037 0.01 0.00 <0.0045
Pb206 0.09 0.66 0.10 0.11 0.19 1.20
Pb207 0.10 0.77 0.09 0.11 0.48 1.37
Pb208 0.08 0.69 0.08 0.10 0.21 1.46
Bi 0.00 0.01 0.00 0.00 0.00 0.00
Th <0.00153 0.00 <0.00085 <0.00111 <0.00075 <0.00106
Table A5. (Cont.) O'Brien et al.
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Deposit Potosi North Potosi North Potosi North Potosi North Potosi North Potosi North
Sample 104-4-D 104-4-E 104-5-1 104-5-2 104-6-1 104-6-2
Li 6.80 7.15 5.92 7.49 8.26 6.56
Be 1.81 2.07 2.42 2.40 2.66 2.23
B 1.50 0.15 0.20 0.21 <0.180 0.24
Mg 5312.46 4601.94 4662.85 4426.14 6999.70 4224.05
Al 239632.23 251696.30 297438.75 297438.75 299026.50 299026.50
Si 36.17 22.64 48.70 67.73 46.02 36.72
S <0.00 <0.00 <0.00 <0.00 <0.00 <0.00
K 6.79 0.23 <0.244 1.34 <0.228 17.31
Sc 1.17 1.15 1.23 1.34 1.41 0.99
Ti 33.00 34.72 40.85 32.97 32.40 23.53
V 0.23 0.25 0.26 0.30 0.22 0.26
Cr 0.08 0.11 <0.140 <0.118 0.28 0.15
Mn 2026.62 1769.99 1763.74 1790.49 2754.03 1551.16
Fe 75476.91 75476.91 78983.29 81619.41 99647.46 76181.00
Co 59.93 62.39 70.42 70.06 76.10 69.82
Ni 22.73 23.52 26.15 26.76 28.74 24.86
Cu 1.98 0.34 0.12 0.21 0.17 0.12
Zn 140021.05 148574.66 227419.25 233738.45 215943.58 215094.95
Ga 75.27 73.17 88.51 87.51 101.46 76.52
Ge 0.14 0.14 0.14 0.17 0.17 0.18
As <0.0108 <0.0057 <0.041 0.03 0.09 <0.028
Rb 0.05 0.00 <0.0035 0.00 <0.0030 <0.0031
Sr 0.08 0.00 <0.00169 0.00 <0.00183 <0.00128
Y 0.00 <0.00026 0.00 0.00 <0.00135 <0.00092
Mo 0.11 0.10 0.08 0.09 0.14 0.07
Ag 0.00 0.00 0.01 0.01 0.01 <0.0052
Cd 2.65 2.42 7.15 6.41 5.39 5.04
Sn 0.24 0.07 0.21 0.19 0.23 0.19
Sb 0.01 0.00 <0.0051 <0.0042 <0.0026 0.06
Ba 0.03 0.00 <0.0076 0.01 0.01 <0.0089
La <0.00034 0.00 <0.00098 <0.00034 <0.00071 <0.00072
Ce 0.00 <0.00022 <0.00123 <0.00075 <0.00162 <0.00051
Pr <0.00031 <0.00010 <0.00096 0.00 <0.00102 <0.00052
Nd <0.00210 <0.00110 <0.0038 <0.00236 <0.0035 0.00
Sm <0.00232 <0.00231 <0.0068 0.00 <0.0034 <0.0037
Eu <0.00101 0.00 <0.00133 <0.00157 <0.00190 0.00
Gd <0.0029 <0.00213 <0.0046 0.00 <0.0078 <0.0053
Tb <0.00034 <0.00023 <0.00075 <0.00050 <0.00035 <0.00069
Dy 0.00 <0.00109 <0.0035 0.00 <0.0030 <0.0041
Ho 0.00 0.00 <0.00120 0.00 <0.00099 <0.00066
Er <0.00167 <0.00078 <0.0063 0.00 <0.0034 0.00
Tm <0.00033 <0.00027 0.00 <0.00067 <0.00052 <0.00056
Yb 0.00 <0.00154 0.00 <0.0051 0.01 <0.0035
Lu <0.00030 <0.00039 <0.00092 <0.00078 0.00 <0.00090
W 0.00 <0.00129 0.01 <0.0038 <0.0051 <0.0035
Pb206 0.80 0.08 0.17 1.32 0.05 0.10
Pb207 1.06 0.08 0.23 1.73 0.04 0.15
Pb208 1.06 0.09 0.22 1.52 0.05 1.59
Bi 0.00 0.00 0.01 0.00 0.00 0.00
Th 0.00 0.00 <0.00179 <0.00117 <0.00126 <0.00147
Table A5. (Cont.) O'Brien et al.
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Deposit Potosi North Potosi North Potosi North Potosi North Potosi North RH Notch
Sample 105-2-1 105-3-1 105-3-2 105-3-3 105-6-1 059-1-1
Li 6.43 9.15 8.01 6.84 7.75 7.76
Be 3.87 3.41 3.08 3.23 3.59 2.24
B <0.39 <0.42 <0.32 <0.24 <0.45 <0.185
Mg 9447.74 11886.28 11487.14 12028.60 11357.05 9450.08
Al 298920.59 299396.91 299396.91 299396.91 299185.22 298494.47
Si 72.87 48.85 68.26 51.27 62.65 29.44
S <0.00 <0.00 <0.00 <0.00 <0.00 <0.00
K 0.83 <0.53 0.84 0.48 <0.54 0.72
Sc 0.61 0.39 0.31 0.21 0.72 0.43
Ti 81.32 72.60 64.30 39.48 195.20 69.80
V 181.93 141.02 147.79 152.69 189.87 79.32
Cr 8.82 4.88 6.27 8.69 46.54 154.97
Mn 1263.90 1462.19 1597.46 1377.07 1741.27 1772.93
Fe 97456.27 112422.27 108274.37 105811.55 108017.48 123639.58
Co 66.68 70.83 69.45 70.55 67.35 78.93
Ni 13.95 16.52 17.57 17.57 15.11 5.43
Cu 0.19 0.19 0.87 0.23 0.18 0.24
Zn 195938.20 198326.42 187809.70 191244.23 205127.98 159430.28
Ga 92.29 95.03 86.40 81.54 103.97 119.53
Ge 0.24 0.23 0.33 0.19 0.19 0.22
As <0.091 <0.063 <0.042 0.87 <0.073 <0.035
Rb <0.0069 <0.0078 <0.0048 <0.0040 <0.0056 <0.0033
Sr 0.00 <0.0019 0.00 0.00 <0.00136 <0.00119
Y <0.00214 <0.00250 <0.0032 0.00 <0.0022 <0.00115
Mo 0.06 0.08 0.06 0.06 0.07 0.09
Ag <0.0094 0.33 0.01 <0.0075 <0.0069 <0.0053
Cd 5.13 3.96 3.68 2.57 3.87 3.04
Sn 0.16 0.16 0.60 0.14 0.17 0.08
Sb <0.0118 <0.0091 0.02 0.01 <0.0131 <0.0055
Ba 0.02 <0.0212 <0.0109 <0.0131 0.01 <0.0077
La <0.00185 <0.00153 <0.00182 <0.00158 <0.00155 <0.00120
Ce <0.00148 0.00 0.00 0.00 <0.0029 <0.00118
Pr <0.00235 <0.00147 <0.00107 0.00 <0.00182 <0.00075
Nd <0.0120 <0.0089 <0.0079 0.01 <0.0142 0.00
Sm <0.0065 <0.0132 <0.0096 <0.0037 <0.0122 <0.0048
Eu <0.0076 <0.0028 <0.0024 <0.0035 <0.0059 0.00
Gd 0.01 <0.0175 <0.0134 <0.0113 <0.0112 <0.0040
Tb <0.00303 <0.00238 <0.00153 <0.00093 <0.00197 0.00
Dy <0.0116 <0.0135 <0.0055 <0.0051 <0.0097 <0.0042
Ho <0.0029 <0.0038 <0.00176 0.00 <0.00274 <0.00063
Er <0.0066 <0.0077 <0.0075 <0.0059 <0.0111 <0.0045
Tm <0.00225 <0.00203 <0.00210 <0.00187 <0.00238 <0.00061
Yb <0.0241 <0.0169 <0.0087 <0.0102 <0.0121 <0.0090
Lu <0.00153 <0.0031 <0.00225 <0.00135 <0.00181 0.00
W <0.0124 <0.0089 <0.0083 <0.0060 <0.0155 <0.0038
Pb206 0.07 0.14 36.76 0.78 0.10 0.08
Pb207 0.06 0.10 14.53 0.88 0.23 0.05
Pb208 0.08 0.03 13.17 0.90 0.08 0.05
Bi <0.0050 0.01 <0.0033 <0.0038 <0.0045 <0.0039
Th <0.0032 <0.0026 0.00 <0.0029 <0.0040 <0.00191
Table A5. (Cont.) O'Brien et al.
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Deposit RH Notch RH Notch RH Notch RH Notch RH Notch RH Notch Round Hill
Sample 059-1-2 059-2-1 059-2-2 059-3-1 059-4-1 059-6-2 069-1-1
Li 6.54 7.93 6.93 8.55 9.83 5.58 16.00
Be 2.57 2.26 2.81 2.43 2.12 1.44 0.74
B 0.18 0.22 0.39 <0.174 <0.31 0.39 <0.91
Mg 9536.76 9111.78 9252.14 9910.64 9809.44 9137.91 14627.70
Al 298494.47 299394.19 299394.19 299764.66 299605.88 299552.94 300139.81
Si 80.56 38.66 43.87 45.80 42.55 48.48 47.51
S <0.00 <0.00 <0.00 <0.00 <0.00 <0.00 <0.00
K 12.42 <0.245 1.62 <0.23 0.47 0.44 2.00
Sc 0.49 0.88 0.61 0.63 0.37 0.49 0.96
Ti 86.29 121.02 123.77 91.50 38.86 66.30 66.23
V 81.63 93.18 97.71 86.90 77.53 65.57 154.38
Cr 151.48 50.08 51.13 44.54 148.81 16.51 27.08
Mn 1741.97 1982.31 2035.47 1752.44 1692.10 1658.39 1583.52
Fe 121009.11 142099.69 141317.02 127951.55 134703.48 113887.40 154742.89
Co 78.55 93.80 90.90 86.07 94.95 76.31 136.87
Ni 5.42 7.54 6.89 5.93 6.77 5.16 54.40
Cu 0.89 0.16 0.21 0.09 0.15 0.17 6.21
Zn 134798.13 155682.17 140517.75 175895.81 175798.09 170340.61 146476.52
Ga 111.47 134.68 120.48 130.24 128.16 121.56 170.25
Ge 0.17 <0.070 0.20 0.10 0.22 0.12 0.40
As 0.12 <0.031 0.04 <0.032 <0.063 <0.028 <0.127
Rb 0.03 <0.0038 <0.0029 <0.0036 <0.0057 0.00 <0.0125
Sr 0.02 0.00 <0.00169 <0.0043 <0.00264 <0.00223 <0.00191
Y 0.01 <0.00164 <0.00104 <0.00180 <0.0032 <0.00171 <0.0048
Mo 0.15 0.10 0.12 0.06 0.06 0.07 0.07
Ag <0.0026 0.00 <0.0058 <0.0052 <0.0065 <0.00180 <0.0124
Cd 4.28 2.23 2.12 2.46 4.85 2.37 1.04
Sn 0.11 0.12 0.11 0.11 0.15 0.09 0.08
Sb 0.01 <0.0051 0.01 <0.0040 <0.0079 <0.0032 <0.0112
Ba 0.12 0.01 0.01 <0.0114 <0.0152 <0.0031 <0.0205
La 0.01 0.00 <0.00071 <0.00210 <0.00155 <0.00062 <0.00182
Ce 0.01 <0.00100 0.00 <0.00236 0.00 <0.00087 <0.00175
Pr <0.00074 <0.00053 <0.00101 <0.00091 <0.00157 <0.00063 <0.00208
Nd <0.0034 <0.0040 0.01 <0.0039 <0.0068 <0.0047 <0.0069
Sm <0.0051 0.01 0.01 <0.0053 <0.0125 <0.0066 <0.0128
Eu <0.00194 <0.00116 <0.00180 <0.00157 <0.0028 <0.00112 <0.0033
Gd <0.0037 <0.0076 <0.0045 <0.0065 <0.0138 0.01 0.01
Tb <0.00082 <0.00083 <0.00111 <0.00086 <0.00243 <0.00049 <0.00108
Dy <0.0032 <0.0030 <0.0033 <0.0044 <0.0078 <0.0041 0.00
Ho <0.00081 0.00 <0.00085 <0.00120 <0.00199 <0.00052 <0.00179
Er 0.01 <0.0057 <0.0066 <0.0034 <0.0090 <0.0047 <0.0051
Tm <0.00079 <0.00122 0.00 <0.00104 <0.00180 <0.00088 <0.00131
Yb <0.0050 0.00 <0.0052 <0.0090 <0.0080 0.01 <0.0048
Lu <0.00092 0.00 0.00 <0.00096 0.00 <0.00063 <0.00159
W 0.02 <0.0038 0.01 <0.0065 0.01 0.00 0.01
Pb206 0.71 0.02 0.10 <0.0091 0.19 0.14 0.02
Pb207 0.72 0.03 0.08 <0.0104 0.18 0.17 <0.0138
Pb208 0.68 0.03 0.08 <0.0072 0.20 0.14 0.02
Bi <0.0036 <0.0034 <0.0031 <0.0034 <0.0054 <0.0031 0.00
Th <0.00195 <0.00208 0.00 <0.00116 <0.0027 <0.00130 <0.00187
Table A5. (Cont.) O'Brien et al.
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Deposit Round Hill Round Hill Round Hill Round Hill Round Hill Round Hill Round Hill
Sample 069-1-2 069-2-1 069-2-2 069-2-3 069-3-1 069-3-2 069-6-1
Li 16.05 13.56 14.71 12.98 14.13 14.47 16.77
Be 0.75 0.75 0.63 0.64 0.82 0.85 0.75
B <0.65 0.73 <0.65 0.77 <0.48 <0.62 <0.65
Mg 14498.88 14505.44 14678.20 14539.84 15861.16 15900.05 15990.26
Al 300139.75 300510.13 300510.06 300509.97 300721.53 300721.44 300985.94
Si 62.04 34.40 43.17 44.36 38.30 33.68 67.48
S <0.00 <0.00 <0.00 <0.00 <0.00 <0.00 <0.00
K 3.19 <1.01 <1.13 <0.92 <0.94 <1.25 <1.27
Sc 0.81 0.78 1.02 1.02 0.83 1.10 0.28
Ti 56.62 97.15 39.56 125.43 108.19 186.70 130.49
V 187.91 116.02 106.34 115.76 105.40 108.61 275.18
Cr 5.40 12.95 2.99 3.13 3.59 2.94 4.73
Mn 1570.36 1506.29 1558.16 1513.60 1606.96 1636.37 1575.25
Fe 150969.50 145901.70 151596.78 146070.89 163838.86 164206.83 171279.28
Co 137.01 131.31 136.99 129.06 142.87 143.16 145.52
Ni 55.29 44.10 49.77 43.00 50.85 52.77 59.06
Cu 6.16 5.19 5.65 5.13 5.69 5.50 5.34
Zn 144466.38 121821.18 133654.25 121002.07 124988.77 128502.29 125105.75
Ga 168.03 140.69 154.32 133.40 180.66 174.30 240.87
Ge 0.32 0.44 0.25 0.35 <0.189 <0.27 <0.24
As 0.10 <0.086 <0.090 <0.074 0.19 <0.103 0.11
Rb <0.0097 <0.0090 <0.0094 <0.0076 <0.0081 <0.0107 <0.0108
Sr 0.00 <0.00144 <0.0029 0.00 <0.00085 <0.0034 <0.0032
Y <0.00122 0.00 <0.0035 0.00 <0.0023 <0.0025 0.01
Mo 0.08 0.06 0.08 0.05 0.07 0.03 <0.042
Ag <0.0089 <0.0061 <0.0126 0.01 <0.0070 <0.0102 <0.0124
Cd 1.15 1.36 1.18 1.31 0.77 0.91 0.60
Sn 0.05 0.04 0.04 0.05 0.04 0.10 0.23
Sb <0.0092 <0.0068 <0.0081 <0.0067 <0.0052 <0.0078 <0.0096
Ba <0.0119 <0.0144 <0.0139 0.00 <0.0090 <0.0138 <0.0084
La <0.00122 <0.00148 <0.00071 <0.00125 <0.00080 <0.00142 <0.00210
Ce <0.00136 <0.00093 <0.00097 0.00 <0.00077 <0.00111 0.00
Pr <0.00099 <0.00110 <0.00057 <0.00101 <0.00105 <0.00093 0.00
Nd <0.0080 <0.0045 0.00 <0.0049 <0.0043 <0.0076 0.00
Sm <0.0067 <0.0080 <0.0086 <0.0077 <0.0043 <0.0099 0.00
Eu <0.00193 <0.00278 <0.00224 <0.00223 <0.00145 <0.00182 <0.00270
Gd <0.0075 <0.0078 <0.0084 <0.0079 <0.0084 0.01 <0.0135
Tb <0.00072 <0.00090 <0.00051 <0.00059 <0.00066 <0.00118 0.00
Dy 0.00 <0.0034 <0.0043 <0.0040 <0.0037 <0.0042 <0.0036
Ho <0.00120 0.00 <0.00120 <0.00080 <0.00085 <0.00138 <0.00112
Er <0.0034 <0.0027 <0.0054 <0.0032 <0.0031 <0.0068 <0.0041
Tm <0.00072 <0.00113 <0.00072 <0.00096 0.00 <0.00083 <0.00061
Yb 0.00 0.00 <0.0065 <0.0052 <0.0051 <0.0074 <0.0087
Lu <0.00141 <0.00094 <0.00131 <0.00050 <0.00077 <0.00162 <0.00143
W <0.0030 <0.0034 <0.0043 <0.0035 0.00 <0.0069 0.01
Pb206 0.02 0.03 0.02 0.03 0.01 0.01 0.07
Pb207 0.02 0.02 0.02 0.03 <0.0090 0.01 0.12
Pb208 0.03 0.03 0.01 0.03 0.02 0.01 0.10
Bi <0.0022 0.00 0.01 0.00 0.00 <0.0029 <0.00217
Th <0.00125 <0.00070 <0.00153 <0.00101 0.00 <0.00101 <0.00105
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Deposit Round Hill Round Hill Round Hill Round Hill Round Hill Round Hill Round Hill
Sample 069-6-1 069-6-2 070-2-1 070-3-1 070-3-2 070-3-3 070-4-1
Li 15.50 15.24 10.72 7.41 8.64 8.69 6.86
Be 0.57 0.38 4.12 3.91 3.20 3.35 4.86
B <0.51 <0.48 <1.74 <1.85 <1.72 <2.07 <2.29
Mg 17102.07 18095.78 13127.64 11584.55 11835.42 11768.83 10662.47
Al 301568.03 301567.88 299344.09 296644.91 296644.91 296644.91 296486.13
Si 28.94 46.15 <40.30 38.65 <36.02 <40.64 <48.28
S <0.00 <0.00 <0.00 <0.00 <0.00 <0.00 <0.00
K <1.04 <0.96 <2.57 <2.53 <2.37 <2.66 <3.07
Sc 0.23 0.49 0.51 0.21 0.12 0.16 <0.127
Ti 119.04 628.21 108.80 67.32 62.74 66.08 69.32
V 356.38 396.52 217.61 239.62 245.74 227.38 377.36
Cr 19.61 7.78 85.75 72.39 79.21 179.75 78.88
Mn 1731.57 1799.26 2092.06 1854.79 1883.27 1858.80 1924.33
Fe 179036.28 182315.50 133926.08 126525.42 126125.11 126823.51 141990.97
Co 157.07 149.09 101.59 91.35 88.37 90.49 104.12
Ni 59.95 61.83 15.82 13.43 13.47 14.20 16.96
Cu 4.78 5.12 7.20 7.57 7.45 7.28 7.37
Zn 116195.40 114977.70 185585.95 210033.91 199690.55 200835.38 201170.44
Ga 330.21 329.09 159.53 167.27 154.09 145.67 272.21
Ge <0.206 0.37 <0.53 <0.56 <0.49 <0.54 <0.69
As 0.11 0.08 <0.27 <0.27 <0.27 <0.26 <0.34
Rb <0.0084 0.01 <0.0227 0.02 <0.0197 <0.0231 <0.025
Sr 0.00 0.00 <0.0057 0.00 0.00 0.00 0.00
Y <0.0032 <0.00206 <0.0053 <0.0082 <0.0070 <0.0062 <0.0076
Mo 0.06 0.09 <0.070 <0.057 0.08 <0.084 0.16
Ag <0.0105 <0.0068 <0.0172 <0.0155 <0.0164 <0.0259 <0.018
Cd 0.67 0.49 2.41 2.44 2.34 2.31 3.16
Sn 0.08 0.15 0.05 0.05 0.08 <0.041 <0.048
Sb <0.0092 <0.0049 <0.0178 <0.0211 <0.0194 <0.0225 <0.030
Ba 0.00 <0.0081 0.01 0.01 <0.0126 <0.0199 <0.034
La 0.02 0.00 <0.0028 <0.00180 0.00 <0.0024 <0.0038
Ce 0.04 0.00 <0.00275 <0.00247 <0.0027 <0.0033 <0.0033
Pr 0.00 <0.00067 <0.00280 <0.00145 <0.00144 0.00 <0.0034
Nd <0.0076 <0.0055 <0.0119 <0.0062 <0.0106 <0.0068 0.02
Sm <0.0094 <0.0055 <0.024 <0.0145 <0.0143 <0.0238 <0.024
Eu <0.00242 <0.00131 <0.0046 <0.0059 <0.0050 <0.0046 <0.0056
Gd <0.0061 <0.0054 <0.0110 <0.0209 <0.0097 <0.0229 <0.0132
Tb <0.00059 <0.00073 <0.00158 <0.0030 <0.00172 <0.00220 <0.0040
Dy 0.01 <0.0030 <0.0065 <0.0083 <0.0058 <0.0064 <0.0096
Ho <0.00044 <0.00076 <0.00201 <0.00276 <0.00252 <0.00255 <0.0031
Er <0.0028 <0.0028 <0.0074 <0.0093 <0.0103 <0.0102 <0.0125
Tm <0.00110 0.00 <0.00269 <0.00197 <0.00239 <0.0031 <0.00187
Yb <0.0037 <0.0046 <0.0070 <0.0109 <0.0165 <0.0098 <0.0169
Lu <0.00087 <0.00062 <0.00203 <0.00210 <0.0029 <0.00230 0.00
W <0.0024 <0.0035 <0.0097 0.01 <0.0106 <0.0068 <0.00
Pb206 0.01 0.01 0.05 0.14 0.17 0.59 0.03
Pb207 0.02 0.01 0.04 0.14 0.23 0.73 0.04
Pb208 0.02 0.01 0.03 0.14 0.17 0.68 0.04
Bi 0.00 0.00 <0.0058 <0.0064 <0.0060 <0.0064 <0.0055
Th <0.00159 0.00 0.00 0.00 <0.00267 <0.00171 <0.0036
Table A5. (Cont.) O'Brien et al.
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Deposit Round Hill Round Hill Round Hill Round Hill SE A Lode SE A Lode SE A Lode
Sample 070-4-4 070-5-1 070-5-2 070-6-1 130-2-1 130-3-1 130-4-1
Li 9.16 7.07 5.38 11.63 <2.29 4.35 <2.41
Be 2.53 4.03 5.12 3.01 1.59 1.83 1.83
B <1.78 <1.94 2.55 <2.24 <1.15 <0.69 <1.24
Mg 11582.16 12026.10 11232.21 10150.93 10767.64 12135.15 11414.64
Al 296644.91 298285.56 298285.59 298285.59 297915.03 301831.50 301302.25
Si 39.76 49.95 62.80 72.64 <73.38 98.97 <76.91
S <0.00 <0.00 <0.00 <0.00 <0.00 <0.00 <0.00
K <2.39 <2.75 <2.59 <2.81 <1.50 <1.01 <1.57
Sc 0.24 0.16 0.13 0.16 <0.110 <0.080 0.17
Ti 67.91 64.26 49.57 120.93 46.93 61.32 31.78
V 249.58 221.17 258.45 171.12 102.69 110.52 109.20
Cr 60.81 37.92 66.57 82.96 43.03 110.56 88.42
Mn 1832.30 1615.11 1628.64 1831.80 2901.50 2976.46 3119.01
Fe 122476.91 116041.66 121346.42 151447.81 75256.82 76639.66 76112.59
Co 85.05 84.66 88.00 113.27 109.44 112.17 108.62
Ni 12.91 12.93 12.23 18.15 9.19 8.99 9.57
Cu 6.60 7.90 8.49 6.96 0.69 0.65 0.50
Zn 194710.03 216172.42 213515.45 190281.86 204464.80 204273.16 195175.28
Ga 138.43 186.49 215.14 185.07 117.68 124.38 115.44
Ge <0.48 <0.57 <0.52 <0.57 <0.50 <0.37 <0.56
As <0.27 <0.30 <0.27 <0.30 <0.32 <0.22 <0.34
Rb <0.0228 <0.0235 <0.026 <0.026 <0.022 <0.0148 <0.028
Sr 0.01 <0.0028 <0.0065 <0.0040 <0.0078 <0.0043 <0.0048
Y <0.0043 <0.0078 <0.0064 <0.0053 <0.0093 <0.0058 <0.0090
Mo 0.11 <0.091 0.09 0.06 <0.109 0.15 <0.091
Ag <0.0241 0.02 <0.0212 <0.0222 <0.028 <0.025 <0.032
Cd 1.68 2.82 3.02 1.88 6.08 5.81 5.05
Sn <0.034 <0.042 <0.044 <0.040 0.05 <0.031 <0.048
Sb <0.0178 <0.0211 0.01 <0.0159 0.63 0.11 0.09
Ba <0.037 0.02 0.01 0.03 <0.0222 <0.026 <0.031
La 0.00 0.00 <0.0019 <0.0032 <0.0033 <0.0024 <0.0046
Ce 0.00 <0.0037 <0.0030 <0.0041 <0.0033 <0.0027 0.01
Pr <0.0034 <0.0028 <0.00191 <0.0034 <0.0046 <0.0023 0.00
Nd <0.0124 <0.0151 <0.0147 <0.0215 <0.0118 <0.0111 <0.0134
Sm <0.0145 <0.0233 <0.0154 <0.0126 <0.024 <0.0131 0.02
Eu <0.0054 <0.0051 0.00 <0.0051 <0.0077 <0.0060 <0.0099
Gd <0.0197 <0.0170 <0.0196 0.01 0.03 <0.0179 <0.038
Tb <0.00163 <0.00172 <0.00185 <0.00174 <0.0036 <0.0028 0.00
Dy <0.0048 <0.0071 <0.0108 <0.0114 0.02 <0.0082 <0.0122
Ho <0.00169 <0.0036 <0.00156 <0.00127 <0.0027 <0.0032 <0.00251
Er <0.0054 0.00 <0.0070 <0.0081 <0.0099 <0.0102 <0.028
Tm <0.00196 0.00 0.00 <0.00121 <0.0030 0.00 <0.0045
Yb <0.0191 0.01 <0.0177 <0.0109 <0.036 <0.0140 <0.033
Lu <0.00170 0.00 <0.00157 <0.00181 <0.0032 <0.00095 <0.0026
W 0.00 <0.0075 0.00 0.00 <0.0228 <0.0147 <0.0106
Pb206 0.16 0.06 0.21 0.05 <0.042 0.19 0.09
Pb207 0.15 0.06 0.08 0.06 <0.053 0.28 0.08
Pb208 0.18 0.05 0.08 0.08 0.12 0.23 0.12
Bi <0.0052 0.02 0.01 <0.0075 0.02 0.02 0.01
Th 0.00 <0.00188 <0.00233 0.00 0.00 <0.00203 <0.0061
Table A5. (Cont.) O'Brien et al.
APPENDIX E 798
Deposit SE A Lode Stirling Hill Stirling Hill Stirling Hill Stirling Hill Stirling Hill Stirling Hill
Sample 130-4-2 003-1-1 003-1-2 003-4-1 003-4-2 003-6-1 002-1-1
Li 4.55 4.17 7.91 5.92 6.90 6.43 10.71
Be 3.08 1.03 0.89 2.90 3.90 2.68 4.01
B <0.76 <1.08 <0.53 <1.09 <0.84 <1.23 <0.60
Mg 11608.63 13233.34 13302.89 13644.01 12569.96 13367.49 13340.35
Al 301302.25 302254.88 302254.88 298814.75 298814.75 298867.66 298497.22
Si 68.23 <73.83 <34.12 <71.95 <56.08 <68.20 111.29
S <0.00 <0.00 <0.00 <0.00 <0.00 <0.00 <0.00
K <1.03 <1.92 1.19 18.42 12.16 <1.78 <0.73
Sc 0.15 0.16 0.17 <0.141 <0.111 <0.127 0.09
Ti 34.63 24.09 23.85 74.62 56.45 36.34 91.43
V 111.76 166.87 165.41 140.27 133.39 145.60 124.55
Cr 64.83 113.75 77.87 1.20 2.45 3.66 6.78
Mn 2987.78 1201.97 1135.55 1190.76 1114.47 1194.67 737.89
Fe 75314.42 86755.74 85835.38 90465.34 80609.17 89871.78 96149.95
Co 103.82 56.07 58.36 56.65 50.58 56.82 61.54
Ni 8.16 12.81 12.54 22.90 17.08 21.27 19.71
Cu 0.92 0.53 2.65 0.61 0.63 0.60 0.22
Zn 183421.98 213737.84 222967.89 222369.75 189141.53 227568.56 165639.48
Ga 111.14 156.67 140.66 301.67 251.44 262.79 326.42
Ge <0.35 <0.72 <0.32 0.71 <0.51 <0.64 0.23
As <0.222 <0.236 <0.105 1.63 1.37 <0.197 <0.103
Rb <0.0173 <0.030 <0.0142 0.07 0.14 <0.029 <0.0107
Sr <0.0046 0.02 0.10 0.21 0.12 0.01 0.01
Y <0.0057 <0.0135 0.01 <0.0163 <0.0114 <0.0111 <0.0044
Mo 0.16 <0.127 0.11 <0.160 <0.104 <0.140 0.06
Ag <0.0214 <0.038 <0.0205 <0.046 <0.031 <0.041 0.43
Cd 6.11 8.23 4.61 6.58 7.70 4.69 26.10
Sn 0.06 <0.047 <0.029 <0.055 <0.038 <0.051 0.15
Sb 0.04 0.03 0.02 <0.027 <0.026 <0.030 0.02
Ba <0.0143 <0.067 <0.031 0.17 0.25 <0.057 0.03
La <0.0032 <0.0083 0.01 <0.0070 0.01 <0.0061 <0.00212
Ce 0.00 <0.0057 0.00 0.01 0.01 <0.0039 0.00
Pr <0.00153 <0.0052 <0.0038 0.01 <0.0050 <0.0070 <0.00227
Nd <0.0169 <0.0174 <0.0140 <0.031 <0.029 <0.045 <0.0136
Sm <0.0155 <0.053 <0.0289 <0.022 <0.038 <0.038 <0.0179
Eu <0.0053 <0.0155 <0.0069 <0.0162 <0.0109 <0.0169 0.00
Gd <0.0214 <0.063 <0.0224 <0.048 <0.022 <0.041 <0.0130
Tb <0.00252 <0.0064 <0.0024 <0.0067 <0.0042 <0.0085 0.00
Dy <0.0131 <0.027 <0.0133 <0.024 <0.015 <0.0164 <0.0076
Ho <0.00224 0.00 <0.00224 <0.0080 <0.0047 <0.0062 0.00
Er <0.0127 0.01 <0.0125 <0.034 <0.0228 <0.023 <0.0072
Tm <0.00192 <0.0066 <0.0033 <0.0042 <0.00154 <0.0045 <0.00218
Yb <0.0151 <0.043 <0.0211 <0.052 <0.037 <0.050 <0.0070
Lu <0.00250 <0.0044 <0.0031 <0.0059 <0.0047 <0.0049 0.00
W <0.0104 <0.0143 <0.0133 0.02 0.02 <0.033 <0.0147
Pb206 0.35 0.21 0.36 33.71 44.52 1.05 1.09
Pb207 0.30 0.23 0.39 41.44 51.44 1.26 0.29
Pb208 0.29 0.23 0.28 41.44 47.44 1.25 0.23
Bi 0.01 0.01 0.01 0.04 0.02 0.02 0.01
Th 0.00 <0.0078 <0.0031 <0.0081 <0.0067 <0.0067 <0.0054
Table A5. (Cont.) O'Brien et al.
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Deposit Stirling Hill Stirling Hill Stirling Hill Stirling Hill Stirling Hill Stirling Hill Stirling Hill
Sample 002-1-2 002-2-1 002-3-1 002-4-1 002-5-1 004-6-1 006-1-1
Li 8.18 7.52 7.30 8.40 9.27 <0.85 <1.73
Be 4.61 3.97 3.82 3.57 4.59 3.04 1.78
B 0.18 <0.137 0.45 0.21 0.39 1.31 <1.43
Mg 13004.21 13322.10 12658.15 12714.16 13235.04 7674.31 6757.06
Al 298867.72 298497.25 298920.63 298550.19 300667.19 288971.59 289550.66
Si 76.06 70.31 210.47 48.94 59.29 102.28 <32.10
S <0.00 <0.00 <0.00 <0.00 <0.00 <0.00 <0.00
K 0.56 <0.212 15.29 <0.204 <0.197 1.11 <2.08
Sc 0.07 0.10 0.02 0.14 0.16 0.36 <0.091
Ti 93.02 100.44 112.82 104.65 98.02 144.55 66.18
V 125.79 128.76 133.33 128.11 127.08 35.46 48.00
Cr 13.17 7.17 29.56 21.28 11.77 15.39 1.63
Mn 700.33 695.21 717.73 622.42 628.21 585.09 883.45
Fe 91546.42 93240.55 88769.38 98671.74 103748.55 102601.97 100335.54
Co 58.17 57.19 58.59 61.54 64.25 47.22 43.15
Ni 17.94 19.26 12.01 17.53 23.14 2.48 4.79
Cu 0.25 0.19 0.52 0.16 0.21 12.30 10.48
Zn 173904.59 178555.16 188810.41 184694.44 196050.80 210528.97 314219.94
Ga 310.77 305.25 311.36 303.84 295.68 126.60 257.64
Ge 0.31 0.22 0.18 0.30 0.44 0.51 1.00
As <0.030 <0.028 0.16 0.87 0.04 0.66 0.66
Rb 0.01 0.01 0.11 <0.0032 <0.0027 <0.0090 <0.0141
Sr 0.01 0.01 0.07 0.00 0.02 0.03 0.01
Y 0.00 0.00 0.01 <0.00085 0.00 0.07 0.01
Mo 0.04 0.05 0.03 0.03 0.04 0.06 <0.059
Ag 0.44 0.43 0.45 0.47 0.49 <0.0063 <0.0177
Cd 13.90 9.02 11.58 8.16 5.70 1.79 4.60
Sn 0.22 0.24 0.27 0.23 0.24 0.20 0.46
Sb <0.0061 <0.0054 0.01 <0.0050 0.01 <0.0061 <0.0149
Ba 0.03 <0.0096 0.24 0.01 <0.0056 0.10 <0.0246
La <0.00079 <0.00136 0.00 <0.00068 <0.00073 0.00 <0.0025
Ce 0.00 <0.00081 0.00 <0.00059 <0.00079 0.01 0.00
Pr <0.00060 <0.00043 <0.00062 0.00 <0.00060 <0.00159 <0.0026
Nd <0.0042 0.01 <0.0044 <0.0059 <0.0023 0.01 <0.0059
Sm <0.00 <0.0037 0.00 <0.0029 <0.0051 <0.0087 <0.0069
Eu 0.00 <0.00145 0.00 <0.00160 <0.00100 <0.00273 <0.0040
Gd <0.0036 0.00 <0.0035 <0.0046 0.00 <0.0084 <0.0066
Tb <0.00051 0.00 <0.00058 0.00 0.00 0.00 <0.00208
Dy 0.02 0.00 <0.00242 <0.0025 <0.0024 0.01 <0.0086
Ho <0.00067 <0.00067 <0.00076 <0.00083 0.00 0.00 0.00
Er 0.00 <0.0030 <0.0020 <0.0028 0.00 <0.0054 <0.0114
Tm <0.00026 <0.00046 <0.00067 <0.00068 0.00 <0.00123 <0.00157
Yb <0.0034 <0.0041 <0.0047 0.00 <0.0037 <0.0093 <0.0082
Lu <0.00049 <0.00069 <0.00064 <0.00056 <0.00093 0.00 0.00
W 0.00 <0.0034 <0.0057 <0.0041 <0.0030 0.01 <0.0117
Pb206 3.65 0.13 0.46 0.02 0.25 0.19 0.20
Pb207 2.32 0.16 0.52 0.03 0.46 0.22 0.26
Pb208 2.40 0.19 0.55 0.03 0.26 0.21 0.23
Bi 0.01 0.00 0.02 0.00 0.00 0.33 0.01
Th <0.00080 <0.00113 <0.00117 <0.00075 <0.00144 0.02 <0.00143
Table A5. (Cont.) O'Brien et al.
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Deposit Stirling Hill Stirling Hill Stirling Hill Stirling Hill Stirling Hill Stirling Hill Stirling Hill
Sample 006-1-2 006-2-1 006-3-1 006-4-1 006-5-1 006-5-2 006-5-3
Li <1.45 <1.50 <1.85 <1.60 <1.82 <1.85 1.80
Be 1.89 1.51 0.98 1.11 0.93 1.95 1.34
B <1.25 <1.36 <1.45 <1.36 <1.36 <1.48 <1.06
Mg 7618.03 6869.71 7132.08 7514.08 6813.15 6731.36 7193.49
Al 289550.69 277589.72 295319.50 293731.81 290238.75 290238.78 290238.81
Si 47.33 54.10 40.87 84.29 34.62 <33.97 70.48
S <0.00 <0.00 <0.00 <0.00 <0.00 <0.00 <0.00
K <1.77 <1.91 <2.26 23.48 <2.25 <2.26 <1.68
Sc 0.18 0.10 <0.095 <0.085 <0.101 <0.098 0.08
Ti 136.61 74.89 0.68 0.58 90.33 103.32 108.27
V 56.84 41.82 18.32 10.93 48.44 49.26 53.39
Cr 1.72 3.12 12.41 29.32 1.08 0.64 1.69
Mn 928.69 871.28 798.27 846.55 917.17 915.96 916.94
Fe 107962.22 96045.36 69358.76 72700.18 98727.79 101209.13 98552.98
Co 42.66 39.45 38.07 42.41 41.28 40.99 41.48
Ni 4.59 4.18 0.43 0.58 4.73 5.05 3.92
Cu 10.64 9.91 10.04 10.74 10.90 10.54 10.94
Zn 308908.53 285591.19 297870.44 303280.59 308223.66 307645.69 305404.25
Ga 242.02 225.91 198.28 160.38 261.82 252.28 232.10
Ge 1.03 0.77 0.61 <0.42 1.06 1.08 1.11
As 0.68 0.87 0.38 0.45 0.57 0.73 1.73
Rb <0.0165 0.02 <0.0183 0.15 <0.0187 <0.0192 <0.0131
Sr 0.01 0.02 0.01 0.01 0.01 0.04 0.04
Y 0.02 0.02 <0.0058 <0.0059 0.03 0.04 0.04
Mo <0.048 0.06 0.05 <0.058 <0.078 0.07 0.17
Ag <0.0154 <0.0183 <0.0172 <0.020 <0.0149 <0.0161 <0.0156
Cd 3.82 5.10 5.99 4.93 3.71 3.12 3.01
Sn 0.57 0.36 <0.040 0.06 0.45 0.58 0.75
Sb 0.01 <0.0176 <0.0137 <0.0102 0.02 <0.0174 <0.0145
Ba 0.01 <0.0157 0.02 0.14 <0.0133 <0.029 0.04
La <0.0025 <0.0025 <0.0030 0.00 <0.00134 <0.0029 <0.00205
Ce 0.00 <0.0027 <0.00186 <0.0024 <0.0029 0.01 0.01
Pr <0.00186 0.00 <0.00188 <0.0021 <0.0039 <0.00234 <0.00129
Nd <0.0049 0.00 <0.0128 <0.0082 <0.0142 0.01 <0.0087
Sm <0.0140 0.01 <0.0183 <0.0124 <0.0149 <0.0212 <0.0102
Eu <0.0044 0.00 0.00 <0.0023 0.00 <0.0052 <0.0039
Gd <0.0078 0.01 0.01 0.00 <0.0161 <0.0134 <0.0120
Tb <0.00134 <0.00188 <0.00101 <0.00260 <0.00142 <0.00216 <0.00153
Dy <0.0071 <0.0078 <0.0083 <0.0082 0.01 <0.0100 0.01
Ho <0.00226 <0.00123 <0.00208 <0.0022 0.00 <0.0027 0.00
Er <0.0051 <0.0095 <0.0066 <0.0060 <0.0080 <0.0123 0.01
Tm <0.00107 <0.00082 <0.00139 <0.0022 <0.00138 <0.00183 <0.00189
Yb 0.01 <0.0074 <0.0062 <0.0104 <0.0088 0.01 0.01
Lu <0.00178 <0.00173 <0.00180 <0.00205 <0.00103 <0.00111 <0.00141
W 0.01 0.00 0.00 0.01 <0.0109 <0.0068 0.02
Pb206 0.21 0.21 0.11 0.26 0.16 1.91 0.86
Pb207 0.23 0.19 0.11 0.33 0.22 0.35 1.05
Pb208 0.20 0.37 0.11 0.29 0.20 0.38 0.87
Bi 0.02 0.02 0.01 0.01 0.02 0.02 0.02
Th 0.00 <0.00184 <0.00156 <0.00164 0.00 <0.00168 <0.0037
Table A5. (Cont.) O'Brien et al.
APPENDIX E 801
Deposit Stirling Hill Stirling Hill Stirling Hill Stirling Hill Ten Two Ten Two
Sample 006-6-2 007-2-1 007-2-2 007-4-1 054-1-1 054-2-1
Li <2.22 0.53 0.52 0.56 2.11 1.53
Be 0.82 6.03 6.46 6.40 1.74 1.65
B <1.68 <0.142 0.22 <0.152 1.42 <1.01
Mg 9749.05 9636.35 9877.27 9375.78 10026.96 9079.37
Al 294366.97 295586.34 295586.34 296697.75 288975.88 289399.00
Si 45.35 45.11 56.66 48.45 57.63 <22.57
S <0.00 <0.00 <0.00 <0.00 <0.00 <0.00
K 2.68 <0.189 0.60 <0.195 <1.47 <1.52
Sc <0.113 0.01 0.03 0.03 0.18 <0.068
Ti 0.50 66.74 49.48 47.15 139.78 43.15
V 6.55 303.63 332.82 250.10 1013.42 823.92
Cr 15.32 44.99 431.42 200.29 974.95 595.45
Mn 971.53 330.31 347.68 314.79 1149.78 1137.66
Fe 78382.93 95499.20 103606.48 93065.27 128750.66 107141.45
Co 37.83 23.51 23.68 22.70 145.57 123.54
Ni 0.72 3.59 3.48 2.95 55.24 52.85
Cu 10.33 0.13 0.12 0.14 6.51 8.59
Zn 275286.13 262330.84 262725.28 247105.42 171929.33 232777.50
Ga 150.12 296.13 315.57 290.70 368.29 452.30
Ge <0.46 0.19 0.12 0.12 <0.30 <0.32
As <0.226 0.03 0.16 0.04 <0.126 <0.145
Rb <0.0216 <0.0025 <0.0031 <0.0022 <0.0120 <0.0116
Sr 0.01 0.00 0.03 0.00 <0.0042 <0.0030
Y <0.0058 0.00 <0.00052 <0.00127 0.01 0.02
Mo <0.064 0.02 0.01 0.01 0.03 <0.044
Ag <0.0189 0.60 0.61 0.56 <0.0136 0.02
Cd 4.43 6.24 5.34 6.31 3.67 2.86
Sn 0.25 0.24 0.20 0.22 0.15 0.12
Sb <0.0202 <0.0049 0.05 <0.0032 0.06 0.01
Ba 0.02 0.02 0.18 <0.0051 0.01 <0.0196
La 0.00 0.00 0.00 <0.00072 <0.0023 <0.00170
Ce 0.00 <0.00065 0.00 <0.00101 <0.0024 0.01
Pr <0.00179 <0.00055 <0.00060 <0.00042 <0.00165 <0.00158
Nd <0.0074 0.00 <0.0040 0.00 <0.0109 <0.0065
Sm <0.0122 0.01 <0.0060 <0.0042 <0.0140 0.00
Eu 0.00 <0.00116 <0.00090 <0.00142 <0.0037 <0.0047
Gd <0.0204 <0.0045 <0.0053 <0.0038 <0.0108 <0.0073
Tb <0.00259 <0.00057 0.00 <0.00062 0.00 <0.00125
Dy <0.0107 0.00 <0.0026 <0.00226 <0.0040 <0.0051
Ho <0.00269 <0.00061 <0.00047 <0.00057 <0.00102 0.00
Er <0.0093 <0.0038 <0.0033 <0.0033 <0.0053 0.00
Tm <0.00114 0.00 <0.00078 <0.00055 <0.00147 0.00
Yb <0.0204 0.01 0.01 <0.0036 0.01 <0.0063
Lu 0.00 0.00 0.00 <0.00059 0.00 <0.00105
W <0.0163 <0.0040 0.03 <0.0055 0.00 0.01
Pb206 0.05 0.06 25.78 0.04 0.24 0.13
Pb207 0.07 0.05 30.70 0.01 0.30 0.09
Pb208 0.06 0.04 28.00 0.03 0.25 0.11
Bi 0.01 <0.00156 0.00 <0.00201 0.01 0.03
Th 0.00 0.00 0.00 <0.00203 <0.00090 0.00
Table A5. (Cont.) O'Brien et al.
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Deposit Ten Two Ten Two Ten Two Ten Two Ten Two Ten Two Ten Two
Sample 054-2-2 054-4-1 054-4-2 054-4-3 054-5-1 054-5-2 054-6-1
Li 1.15 2.89 2.26 1.46 2.26 1.95 <2.90
Be 2.42 3.33 2.69 2.45 2.40 2.58 2.46
B 0.66 <0.84 <0.77 <0.87 <0.86 <0.86 <2.34
Mg 9230.89 9794.72 10214.54 9448.20 9090.53 9294.78 9677.05
Al 289399.13 288869.16 288869.28 294162.00 290932.97 290933.09 292149.91
Si <14.34 <20.65 44.89 24.71 32.60 <20.72 <51.28
S <0.00 <0.00 <0.00 <0.00 <0.00 <0.00 <0.00
K <0.97 <1.39 <1.21 <1.36 <1.39 <1.39 <3.39
Sc <0.045 0.12 <0.054 0.09 <0.067 <0.062 <0.144
Ti 31.09 94.28 36.78 59.75 58.52 51.02 37.27
V 888.07 914.48 744.00 806.80 876.38 896.10 948.28
Cr 883.26 334.38 723.68 74.42 759.19 739.65 2893.71
Mn 1147.44 1167.33 1205.06 1151.70 1134.25 1100.90 1182.42
Fe 110786.43 125636.94 114454.50 111744.16 108850.17 112397.00 120901.30
Co 120.16 132.16 136.92 128.12 122.29 124.84 137.54
Ni 48.56 56.74 55.94 52.27 51.33 52.67 50.45
Cu 8.90 8.21 8.19 8.63 7.97 8.30 8.66
Zn 229902.30 221510.98 229022.53 230118.83 220303.75 222762.44 241356.88
Ga 424.38 473.99 484.21 487.45 427.07 417.17 414.22
Ge 0.21 <0.30 <0.24 <0.28 <0.29 <0.33 <0.71
As <0.095 0.23 0.18 <0.126 0.18 0.14 0.34
Rb <0.0081 <0.0141 <0.0108 <0.0134 0.02 <0.0142 <0.034
Sr 0.00 <0.0027 <0.00156 0.01 0.01 0.00 0.00
Y 0.02 0.02 0.01 0.03 0.01 0.02 <0.0128
Mo 0.06 0.07 <0.036 0.07 0.05 <0.040 0.17
Ag 0.01 <0.0162 <0.0093 <0.0099 <0.0091 <0.0119 <0.024
Cd 1.81 2.46 1.71 3.07 3.23 3.65 3.51
Sn 0.12 0.13 0.09 0.11 0.10 0.07 0.10
Sb <0.0074 <0.0102 0.01 0.03 <0.0116 <0.0129 <0.032
Ba 0.01 <0.0133 <0.0107 0.02 <0.0156 0.04 <0.039
La 0.00 0.01 0.00 0.00 0.00 0.00 <0.0032
Ce 0.01 0.00 0.01 0.01 0.04 0.01 <0.0049
Pr 0.00 <0.00138 <0.00141 0.00 0.00 <0.00144 0.00
Nd <0.0032 <0.0051 <0.0041 <0.0069 0.00 0.01 <0.0107
Sm <0.0052 <0.0103 <0.0096 <0.0099 <0.0105 <0.0098 0.01
Eu <0.00151 <0.00172 <0.00170 <0.0039 <0.0041 <0.0033 <0.0036
Gd 0.01 <0.0081 <0.0086 <0.0095 <0.0131 <0.0119 <0.0169
Tb <0.00078 <0.00080 <0.00112 <0.00108 <0.00081 0.00 <0.0037
Dy <0.0025 <0.0033 <0.0059 0.01 <0.0048 <0.0054 <0.0098
Ho <0.00063 <0.00101 <0.00082 <0.00126 <0.00120 <0.00149 <0.0030
Er 0.00 <0.0059 <0.0042 0.01 <0.0060 <0.0047 <0.0156
Tm <0.00034 0.00 <0.00077 0.00 <0.00080 <0.00162 <0.00232
Yb <0.0076 <0.0117 <0.0075 0.01 <0.0088 0.01 <0.0147
Lu 0.00 <0.00101 <0.00156 0.00 <0.00103 <0.00105 0.00
W 0.02 <0.0061 <0.0049 0.01 <0.0062 <0.0073 <0.00
Pb206 0.16 0.10 0.09 0.24 0.14 0.12 0.14
Pb207 0.12 0.09 0.06 0.23 0.12 0.10 0.14
Pb208 0.11 0.09 0.06 0.26 0.12 0.09 0.16
Bi 0.02 0.03 0.03 0.05 0.02 0.02 0.02
Th <0.00124 0.00 0.00 <0.00192 0.00 0.00 0.00
Table A5. (Cont.) O'Brien et al.
APPENDIX E 803
Deposit Ten Two Ten Two Ten Two Ten Two Ten Two Ten Two Ten Two
Sample 054-6-2 054-6-3 054-7-1 054-7-2 055-3-1 055-3-2 055-4-1
Li 2.61 2.69 <1.84 <1.96 3.15 2.49 3.01
Be 2.22 1.48 2.65 1.67 1.52 1.94 2.05
B <0.85 1.53 <1.60 <1.73 0.39 0.26 0.35
Mg 9396.36 9221.58 9473.49 9243.88 11439.54 11100.95 10587.27
Al 292150.00 292150.13 289556.00 289556.09 294115.84 294116.25 290304.78
Si <20.32 21.55 <34.47 51.01 76.24 40.62 58.32
S <0.00 <0.00 <0.00 <0.00 <0.00 <0.00 <0.00
K <1.36 <1.24 <2.26 <2.43 <0.26 1.25 5.53
Sc 0.06 0.07 0.11 <0.109 0.10 0.04 0.07
Ti 33.90 46.23 40.69 47.71 298.78 159.42 129.80
V 905.71 968.10 863.41 866.66 545.86 560.59 529.06
Cr 2883.45 2565.40 1393.51 2368.28 182.97 205.13 408.30
Mn 1121.16 1160.96 1165.88 1112.48 1267.70 1311.66 1288.32
Fe 111365.14 118665.57 116405.43 115483.66 132692.38 121812.07 115255.41
Co 127.59 127.38 130.36 120.17 152.71 145.10 141.87
Ni 47.67 46.25 47.96 44.18 53.19 47.87 39.47
Cu 8.49 8.38 9.39 8.79 0.17 1.63 0.26
Zn 232045.78 229392.34 254832.09 231436.41 183279.66 171712.41 175552.30
Ga 403.24 448.11 500.78 423.33 526.70 499.07 458.34
Ge 0.31 0.53 0.70 <0.49 0.24 0.20 0.20
As <0.131 0.13 <0.205 <0.21 0.33 0.04 0.11
Rb <0.0140 <0.0114 <0.0218 <0.0220 <0.0045 0.01 0.05
Sr 0.00 0.00 0.03 0.01 0.01 0.01 0.01
Y 0.02 0.02 0.01 0.01 0.16 0.02 0.07
Mo 0.06 <0.035 <0.058 <0.071 0.10 0.07 0.04
Ag 0.01 <0.0108 <0.0203 <0.0187 0.01 0.01 0.01
Cd 3.41 3.68 3.61 3.26 3.30 2.37 3.38
Sn 0.12 0.17 0.18 0.23 0.50 0.29 0.30
Sb 0.02 <0.0079 0.03 <0.0186 0.29 0.03 0.08
Ba <0.0155 <0.0119 0.03 0.03 0.03 0.02 0.09
La 0.00 0.00 0.01 <0.0030 0.01 0.01 0.01
Ce 0.01 0.01 0.01 0.01 0.06 0.02 0.02
Pr <0.00153 <0.00111 <0.0027 0.00 0.01 0.00 0.00
Nd 0.00 <0.0080 0.01 <0.0100 0.03 0.01 0.02
Sm <0.0095 <0.0114 <0.0147 <0.0185 0.01 0.01 0.01
Eu <0.00213 <0.00189 <0.0038 0.00 <0.00230 0.00 <0.0017
Gd <0.0123 <0.0081 0.01 <0.0137 0.03 0.01 0.01
Tb <0.00140 <0.00125 <0.00198 <0.00222 0.01 <0.00101 0.00
Dy <0.0033 0.01 <0.0090 <0.0079 0.04 <0.0023 0.01
Ho <0.00119 <0.00158 <0.0028 <0.00282 0.01 <0.00097 0.00
Er <0.0046 <0.0041 <0.0071 <0.0103 0.02 0.00 0.01
Tm <0.00112 0.00 0.00 <0.00153 0.00 <0.00046 0.00
Yb <0.0050 0.01 <0.0096 <0.0155 0.02 0.00 0.02
Lu <0.00103 0.00 <0.00130 0.00 0.00 <0.00101 <0.00103
W <0.0062 0.01 <0.0056 0.00 0.11 0.03 0.03
Pb206 0.18 0.24 0.35 0.14 1.29 0.33 0.56
Pb207 0.25 0.28 0.41 0.19 1.18 0.28 0.46
Pb208 0.22 0.21 0.40 0.18 1.04 0.27 0.50
Bi 0.02 0.02 0.01 0.02 0.28 0.06 0.12
Th <0.00090 <0.00179 <0.00197 <0.0025 <0.0027 0.00 0.00
Table A5. (Cont.) O'Brien et al.
APPENDIX E 804
Deposit Ten Two Ten Two Ten Two Ten Two Ten Two Ten Two Ten Two
Sample 055-5-1 055-5-2 055-6-1 055-7-1 055-7-2 055-7-3 055-8-1
Li 3.10 3.62 2.85 2.35 2.44 2.63 2.64
Be 7.29 3.77 2.62 2.29 2.22 1.37 2.84
B <0.16 0.32 <0.20 0.29 <0.31 0.39 <0.36
Mg 11080.00 11437.22 10996.16 11424.27 11696.74 12004.46 11305.94
Al 294538.28 291045.44 294537.97 294537.03 294537.31 294537.63 292578.13
Si 73.14 126.04 46.98 37.69 51.34 29.27 26.15
S <0.00 <0.00 <0.00 <0.00 <0.00 <0.00 <0.00
K 16.69 10.60 <0.23 <0.34 0.65 1.08 <0.47
Sc <0.012 0.07 0.03 0.04 0.07 0.03 0.13
Ti 48.76 72.40 8.70 113.29 229.69 277.34 185.89
V 499.26 543.60 487.29 876.96 780.95 815.39 490.61
Cr 780.61 861.25 521.31 3491.45 6391.51 4925.80 3150.53
Mn 1288.04 1288.07 1284.24 1307.55 1451.04 1363.39 1363.65
Fe 128729.66 126164.27 109321.16 116650.98 136675.14 130962.80 143890.77
Co 147.58 142.73 146.54 146.01 144.87 144.48 148.91
Ni 52.52 46.54 50.53 44.74 52.49 44.07 64.68
Cu 0.16 0.50 0.16 0.15 0.25 0.17 0.14
Zn 160883.42 175099.98 188602.97 188967.58 186572.08 185106.27 186223.25
Ga 449.35 425.48 510.21 451.55 443.53 457.79 503.28
Ge 0.30 0.14 0.19 0.18 0.27 0.23 <0.109
As 0.25 0.06 0.07 0.11 <0.046 0.07 <0.060
Rb 0.42 0.11 <0.0034 <0.0052 <0.0063 <0.0039 <0.0052
Sr 0.10 0.07 <0.00125 <0.00101 <0.00189 0.00 <0.0030
Y 0.01 0.01 0.00 0.01 0.03 0.01 0.02
Mo 0.09 0.07 0.06 0.05 0.08 0.07 0.08
Ag 0.09 0.03 <0.0055 <0.0070 <0.0083 0.01 <0.0110
Cd 8.58 2.50 3.86 4.00 3.35 3.27 4.00
Sn 0.18 0.23 0.21 0.25 0.27 0.34 0.36
Sb <0.0045 0.08 0.01 0.01 0.02 0.02 <0.0131
Ba 0.87 0.35 <0.0080 <0.0130 0.01 0.02 0.01
La 0.00 0.00 <0.00082 0.00 0.01 0.01 0.01
Ce 0.01 0.01 0.00 0.01 0.02 0.02 0.01
Pr <0.00061 0.00 0.00 0.00 0.00 0.00 <0.00166
Nd 0.04 <0.0054 0.01 <0.0119 <0.0075 <0.0060 <0.0128
Sm <0.00219 <0.0053 <0.0063 <0.0097 <0.0090 <0.0125 <0.0137
Eu <0.00092 <0.00170 0.01 <0.00235 0.00 0.00 <0.0041
Gd <0.0060 0.01 0.01 <0.0128 <0.0131 <0.0121 <0.0158
Tb <0.00117 <0.00079 <0.00042 <0.00131 0.00 0.00 0.00
Dy <0.0036 <0.0030 <0.0053 <0.0055 0.01 <0.0069 0.01
Ho <0.00125 0.00 0.00 0.00 0.00 <0.00197 0.00
Er <0.0031 <0.0035 0.01 <0.0040 0.01 <0.0059 <0.0069
Tm <0.00067 <0.00081 <0.00086 <0.00105 <0.00138 <0.00142 <0.00235
Yb <0.0053 <0.0053 <0.0063 <0.0117 <0.0155 <0.0101 <0.0136
Lu <0.00063 0.00 0.00 <0.00184 <0.00171 0.00 <0.00159
W <0.0042 0.01 0.01 <0.0094 0.04 <0.0099 0.03
Pb206 0.40 6.44 0.16 0.14 0.29 0.41 0.42
Pb207 0.33 7.76 0.13 0.15 0.24 0.32 0.40
Pb208 0.19 7.24 0.14 0.14 0.26 0.34 0.31
Bi 0.05 0.03 0.01 0.03 0.06 0.04 0.03
Th <0.00 <0.00146 <0.0019 <0.0033 0.01 0.02 <0.00267
Table A5. (Cont.) O'Brien et al.
APPENDIX E 805
Deposit Ten Two Ten Two Ten Two Ten Two Ten Two Ten Two Ten Two
Sample 055-8-2 056-3-1 056-3-2 056-5-1 056-6-1 056-6-2 056-6-3
Li 2.65 2.54 2.56 2.55 2.66 2.54 2.58
Be 2.72 2.77 2.06 1.47 2.40 1.70 1.83
B <0.23 0.76 <0.35 <0.39 <0.40 <0.36 <0.28
Mg 11551.04 11693.99 11530.23 11146.93 11450.26 11779.81 11463.05
Al 292578.44 299608.66 296909.41 300931.75 299873.25 299873.25 299873.25
Si 72.77 <42.08 43.09 <25.68 <27.08 87.40 159.91
S <0.00 <0.00 <0.00 <0.00 <0.00 <0.00 <0.00
K 6.63 <0.91 <0.71 <0.55 <0.58 0.57 66.41
Sc 0.15 0.20 0.06 0.08 <0.033 0.02 <0.0230
Ti 222.06 135.54 40.06 196.81 126.98 176.46 58.45
V 530.05 526.05 436.89 483.53 483.81 509.99 468.12
Cr 2270.05 1597.10 1581.76 1432.05 1511.53 1572.91 1555.24
Mn 1430.57 1464.22 1294.79 1325.48 1290.30 1263.89 1275.31
Fe 138577.31 149632.44 116123.05 122036.09 130906.97 122438.41 116445.02
Co 150.22 159.50 148.52 153.29 148.41 141.20 145.25
Ni 62.07 72.38 55.32 61.78 68.38 59.06 49.44
Cu 0.44 0.12 0.22 0.26 0.24 0.24 0.36
Zn 175262.98 215210.89 191319.63 218288.84 206177.72 193143.14 201842.08
Ga 482.64 507.16 448.17 483.93 556.09 448.44 417.30
Ge 0.37 <0.202 0.17 0.20 <0.126 0.21 <0.107
As 0.16 <0.100 <0.071 <0.069 <0.065 0.07 0.22
Rb 0.01 <0.0098 <0.0089 <0.0076 <0.0063 <0.0064 0.86
Sr 0.01 <0.0051 0.01 0.00 0.01 0.01 0.08
Y 0.02 0.02 0.01 0.01 0.02 0.02 0.01
Mo 0.08 0.07 0.10 0.22 0.10 0.06 0.07
Ag <0.0073 <0.0152 <0.0136 <0.0119 0.01 0.01 0.01
Cd 5.12 4.07 3.93 3.64 3.73 2.91 3.48
Sn 0.36 0.31 0.14 0.26 0.31 0.21 0.17
Sb 0.03 0.04 0.02 <0.0110 0.03 0.01 0.07
Ba 0.01 <0.040 <0.0239 <0.0102 <0.0249 0.01 1.41
La 0.03 <0.0041 <0.0024 0.01 0.01 0.01 0.00
Ce 0.01 0.01 0.01 0.01 0.02 0.02 0.00
Pr 0.00 <0.0044 <0.0032 0.00 0.00 0.00 <0.00106
Nd 0.02 <0.0169 0.01 <0.0139 0.01 <0.0067 <0.0064
Sm <0.0136 <0.0102 <0.0197 <0.0238 <0.0110 <0.0094 <0.0089
Eu <0.0024 <0.0061 <0.0044 <0.0050 <0.0038 <0.00198 <0.00133
Gd <0.0042 <0.038 <0.0202 0.02 <0.0130 <0.0118 <0.0092
Tb <0.00136 <0.0037 <0.0019 0.00 <0.00132 <0.00169 0.00
Dy <0.0057 <0.0129 <0.0148 <0.0089 <0.0089 <0.0072 <0.0069
Ho 0.00 <0.0040 <0.0024 <0.00247 <0.0027 <0.00183 <0.00236
Er 0.01 <0.0165 <0.0131 0.00 <0.0144 <0.0090 <0.0072
Tm <0.00140 <0.00158 <0.0028 <0.0026 0.00 <0.00192 <0.00120
Yb 0.01 <0.0203 <0.0104 <0.0109 <0.0141 <0.0093 <0.0089
Lu 0.00 0.00 <0.0041 <0.00149 <0.0032 <0.00110 0.00
W 0.02 <0.0217 <0.0122 <0.0148 0.04 0.02 0.03
Pb206 1.28 0.31 0.09 0.24 0.36 0.47 23.51
Pb207 0.83 0.31 0.12 0.21 0.24 0.40 26.44
Pb208 0.82 0.30 0.09 0.23 0.20 0.37 25.42
Bi 0.04 0.06 0.01 0.02 0.04 0.02 0.17
Th 0.01 0.01 0.00 0.01 0.01 0.01 0.00
Table A5. (Cont.) O'Brien et al.
APPENDIX E 806
Deposit Ten Two W. Long. W. Long. W. Long. W. Long. W. Long. W. Long.
Sample 056-6-4 127-1-2 127-2-2 127-3-1 127-3-2 127-4-1 127-4-3
Li 2.78 4.86 <3.87 <3.74 <3.58 <2.59 <2.35
Be 1.55 4.32 5.10 2.75 3.36 4.59 3.86
B 0.48 <2.99 <2.87 <2.69 <2.71 <2.05 <1.89
Mg 10969.37 10093.31 9505.19 9117.77 9368.30 10779.48 10106.12
Al 299873.28 296538.94 297015.25 298761.78 298761.78 298920.56 298920.56
Si 58.42 77.31 103.40 64.14 99.32 122.22 69.47
S <0.00 <0.00 <0.00 <0.00 <0.00 <0.00 <0.00
K 36.53 <3.83 <3.94 <3.75 <3.70 <2.63 <2.31
Sc <0.026 <0.138 <0.139 <0.128 <0.128 <0.085 0.14
Ti 16.82 9.75 132.34 56.56 76.66 152.28 140.75
V 441.55 206.45 179.82 214.78 198.34 200.97 200.04
Cr 1547.63 43.13 16.16 62.28 50.20 16.66 9.64
Mn 1247.04 1210.08 1018.05 1053.44 1059.78 1302.29 1135.58
Fe 110040.38 103947.58 96722.11 95534.58 96208.01 110616.38 99757.95
Co 146.29 72.37 66.21 66.87 70.10 76.33 69.96
Ni 35.17 4.37 4.36 3.74 4.47 4.08 3.59
Cu 0.99 8.88 8.29 9.32 12.97 11.08 8.07
Zn 197694.73 247980.58 226864.30 248723.09 253607.56 238728.42 246736.72
Ga 382.66 391.70 376.50 334.45 384.63 381.34 362.69
Ge <0.099 <0.57 <0.58 <0.57 0.57 0.45 <0.37
As 0.45 <0.36 0.39 <0.37 0.37 <0.28 0.37
Rb 0.52 <0.028 <0.030 <0.031 0.05 <0.0222 0.02
Sr 0.99 0.00 0.02 <0.0053 <0.0032 0.01 0.00
Y 0.01 <0.0028 0.01 0.01 <0.0041 0.01 0.01
Mo 0.05 <0.019 0.04 0.08 0.04 <0.039 0.02
Ag 0.15 0.01 <0.0172 0.30 0.02 <0.0089 <0.0125
Cd 5.22 2.50 3.38 3.04 2.76 2.35 2.30
Sn 0.16 <0.050 0.06 0.09 0.08 0.08 0.10
Sb 0.31 2.00 2.74 0.86 0.29 2.28 2.28
Ba 3.00 <0.0293 0.06 <0.0163 0.03 <0.0166 0.05
La 0.01 <0.0023 0.03 0.01 0.01 0.01 0.00
Ce 0.02 <0.0032 0.06 <0.0047 0.01 0.01 0.01
Pr 0.00 <0.0030 0.01 0.00 <0.00138 <0.00093 0.00
Nd <0.0098 <0.0109 0.02 <0.0074 0.01 <0.0075 <0.0046
Sm <0.0137 <0.00 <0.0140 <0.0173 <0.0092 <0.0139 <0.0076
Eu 0.00 <0.0037 <0.0057 <0.0025 <0.0046 <0.0031 <0.00157
Gd <0.0099 <0.0146 <0.0131 <0.0162 <0.0172 <0.0117 <0.0101
Tb <0.00142 0.00 <0.00181 0.00 <0.00237 <0.00161 0.00
Dy <0.0105 <0.0069 <0.0076 <0.0081 <0.00 <0.0047 <0.0041
Ho <0.0031 <0.00243 0.00 0.00 0.00 0.00 0.00
Er <0.0116 0.01 <0.0119 <0.0090 <0.0111 <0.0053 <0.0033
Tm <0.0025 <0.00198 <0.00218 <0.00246 <0.00233 <0.00079 <0.00153
Yb 0.01 <0.0103 <0.0114 <0.0122 <0.0149 <0.0087 0.00
Lu <0.00139 <0.00169 0.00 0.00 <0.00244 <0.00117 <0.00072
W 0.10 0.05 0.02 0.11 0.06 0.03 0.04
Pb206 226.53 <0.017 1.37 0.13 0.65 2.96 0.32
Pb207 273.58 0.08 1.45 0.16 0.89 3.83 0.29
Pb208 255.45 0.04 1.52 0.16 1.18 3.88 0.36
Bi 1.47 0.01 0.01 <0.0049 <0.0070 0.01 0.01
Th <0.0040 0.01 0.00 <0.0036 0.00 0.00 0.00
Table A5. (Cont.) O'Brien et al.
APPENDIX E 807
Deposit W. Long. W. Long. W. Long.
Sample 127-5-2 127-6-1 127-6-2
Li <2.70 <2.57 2.16
Be 3.79 3.09 3.86
B <1.73 <1.86 2.42
Mg 10687.77 10657.73 9972.49
Al 295321.66 297174.03 297174.03
Si 141.01 35.99 45.03
S <0.00 <0.00 <0.00
K <2.69 <2.61 <1.91
Sc <0.091 0.15 0.07
Ti 160.50 93.03 94.80
V 198.31 172.43 179.08
Cr 15.35 26.87 32.13
Mn 1348.23 1120.94 1011.10
Fe 111962.38 101511.39 92231.14
Co 76.15 69.40 62.54
Ni 4.25 3.04 2.42
Cu 7.58 7.95 7.82
Zn 233739.64 242663.95 233723.34
Ga 377.07 296.04 295.36
Ge <0.45 0.47 0.48
As 0.34 <0.251 <0.158
Rb <0.0204 <0.0214 <0.0143
Sr 0.00 <0.0031 <0.0040
Y 0.01 <0.0048 <0.00252
Mo 0.07 <0.035 <0.0196
Ag <0.0072 <0.0064 <0.0095
Cd 2.07 2.43 1.96
Sn 0.10 0.07 0.06
Sb 0.62 0.04 0.29
Ba <0.0132 <0.0166 <0.0150
La 0.00 <0.00163 0.00
Ce 0.01 0.01 0.00
Pr 0.00 0.00 0.00
Nd <0.0103 <0.0106 <0.0068
Sm <0.0139 <0.0123 <0.0091
Eu <0.0049 <0.0036 <0.00187
Gd 0.00 <0.0100 <0.0096
Tb 0.00 <0.00159 <0.00102
Dy <0.0075 <0.00 <0.0035
Ho 0.00 <0.00144 <0.00087
Er <0.0059 <0.0052 0.00
Tm <0.00153 0.00 <0.00100
Yb 0.00 <0.0071 0.00
Lu <0.00092 <0.00142 <0.00105
W 0.01 0.01 0.02
Pb206 0.11 0.05 0.04
Pb207 24.85 0.04 0.04
Pb208 0.09 0.04 0.05
Bi 0.00 <0.0047 <0.0031
Th <0.00203 <0.00181 <0.00133
Table A5. (Cont.) O'Brien et al.
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APPENDIX F 
 
AVERAGE DETECTION LIMITS OF LA-ICP-MS ANALYSES AND COMPARRISON 
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APPENDIX F 809
Element 43 µm 52 µm 69  µm 86  µm Mean Sandard 
deviation
Literature 
Values (ppm)*
Difference 
percentage
Li 2.675 1.653 1.349 0.765 9.126 0.538 9.00 1.40
Be 0.476 0.335 0.216 0.162 2.372 0.316 2.30 3.12
B 1.775 1.128 1.105 0.549 4.473 0.657 6.00 25.45
Mg 1.578 1.086 0.753 0.526 21620.359 304.712 20980.00 3.05
Al 2.195 1.436 1.032 0.742 70897.500 212.255 71400.00 0.70
Si 57.983 48.869 22.874 18.125 257373.086 8412.316 253000.00 1.73
S <0.00000 <0.00000 <0.00000 <0.00000 <0.00000 <0.00000 - -
K 2.784 1.620 1.546 0.873 14812.858 371.619 14900.00 0.58
Sc 0.138 0.083 0.060 0.042 34.890 0.947 33.00 5.73
Ti 0.595 0.394 0.242 0.182 13349.650 230.138 14100.00 5.32
V 0.072 0.046 0.026 0.022 447.665 9.867 425.00 5.33
Cr 0.871 0.566 0.331 0.275 15.582 0.602 17.00 8.34
Mn 0.184 0.139 0.075 0.065 1574.471 30.309 1550.00 1.58
Fe 6.322 4.508 2.569 2.072 100069.006 2006.856 96600.00 3.59
Co 0.044 0.027 0.016 0.014 38.620 0.990 38.00 1.63
Ni 0.350 0.208 0.120 0.104 12.326 0.453 13.00 5.19
Cu 0.347 0.205 0.167 0.111 18.370 0.623 21.00 12.53
Zn 15.030 10.854 8.389 5.215 145.705 14.692 125.00 16.56
Ga 0.075 0.047 0.032 0.025 22.487 0.699 23.00 2.23
Ge 0.621 0.381 0.270 0.194 1.822 0.168 1.50 21.49
As 0.287 0.199 0.151 0.084 0.775 0.102 - -
Rb 0.028 0.018 0.013 0.009 47.050 1.251 47.00 0.11
Sr 0.007 0.005 0.003 0.002 342.599 6.845 342.00 0.18
Y 0.008 0.006 0.003 0.003 34.402 0.944 35.00 1.71
Mo 0.096 0.059 0.029 0.029 265.313 7.059 270.00 1.74
Ag 0.031 0.020 0.010 0.010 0.756 0.149 0.50 51.29
Cd 0.122 0.092 0.050 0.040 0.148 0.036 0.50 70.32
Sn 0.057 0.041 0.027 0.019 1.740 0.083 2.60 33.06
Sb 0.030 0.021 0.010 0.008 0.297 0.029 0.35 15.11
Ba 0.037 0.028 0.014 0.012 660.531 14.926 683.00 3.29
La 0.004 0.003 0.002 0.001 25.184 0.468 24.70 1.96
Ce 0.004 0.003 0.002 0.001 53.070 1.131 53.30 0.43
Pr 0.004 0.003 0.001 0.001 6.606 0.125 6.70 1.41
Nd 0.019 0.014 0.007 0.006 28.738 0.625 28.90 0.56
Sm 0.027 0.018 0.010 0.009 6.613 0.168 6.30 4.97
Eu 0.007 0.006 0.003 0.002 1.962 0.051 1.91 2.71
Gd 0.027 0.020 0.009 0.009 6.880 0.188 6.59 4.40
Tb 0.003 0.003 0.001 0.001 0.998 0.028 1.02 2.20
Dy 0.015 0.010 0.005 0.005 6.333 0.199 6.44 1.66
Ho 0.004 0.003 0.001 0.001 1.271 0.038 1.22 4.19
Er 0.015 0.012 0.006 0.006 3.750 0.122 3.70 1.36
Tm 0.003 0.003 0.001 0.001 0.500 0.015 0.51 1.89
Yb 0.022 0.017 0.008 0.008 3.387 0.105 3.20 5.86
Lu 0.003 0.003 0.001 0.001 0.497 0.017 0.50 1.28
W 0.017 0.012 0.007 0.006 0.535 0.029 0.50 6.94
Pb206 0.031 0.028 0.010 0.009 10.789 0.448 18.77 42.51
Pb207 0.035 0.034 0.012 0.011 11.120 0.444 15.63 28.83
Pb208 0.022 0.020 0.007 0.006 11.183 0.467 38.73 71.13
Bi 0.007 0.006 0.003 0.003 0.051 0.006 0.05 1.00
Th 0.005 0.004 0.002 0.002 5.839 0.231 5.90 1.03
U 0.005 0.004 0.002 0.002 1.696 0.058 1.69 0.36
Table A5. Average Detection Limits of LA-ICP-MS Analyses and Comparrison Between Measured Concentrations of Trace Elements in BCR-2G 
and those Reported in the Literature
Detection Limits (sample) ppm BCR-2G
Notes: *BCR-2G values taken from http://georem.mpch-mainz.gwdg.de/sample_query_pref.asp
